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PKEFACE  TO  SECOND  EDITION. 


The  past  few  years  have  added  greatly  to  our  knowledge  of  the  two 
classes  of  pathogenic  micro-organisms,  bacteria  and  protozoa,  repre- 
senting respectively  the  lowest  forms  of  the  vegetable  and  animal  king- 
doms. The  importance  of  the  protozoa  is  now  recognized,  not  only 
because  of  the  diseases  known  to  he  caused  by  them,  but  also  because 
of  their  possible  connection  with  the  exanthemata  and  syphilis.  In 
view  of  these  developments  it  is  obviously  essential  that  the  student 
should  be  instructed  in  both  fields.  I  beheve  that  the  inclusion  of 
both  subjects  in  a  single  volume  offers  the  mlvantages  of  convenience, 
facility  of  instruction,  and  the  presentation  of  comprehensive  knowl- 
edge. In  the  present  edition  the  section  on  the  Protozoa,  excepting 
malaria,  was  undertaken  by  Dr.  A.  W.  Williams.  The  chapter  on 
Malaria  is  from  the  pen  of  Mr.  L.  B.  Goldhom,  Instructor  in  Pathol- 
ogy in  the  University  and  Bellevue  Hospital  Medical  College.  Needless 
to  say,  the  revision  of  the  part  on  Bacteria  has  been  thorough,  so  that 
the  hook  as  a  whole  endeavors  to  re6ect  the  latest  knowledge  in  the 
whole  domain.  This  edition,  Hke  the  previous  one,  has  been  written  for 
the  student  and  physician  rather  than  for  the  laboratory  worker. 

In  the  preparation  of  this  edition  I  greatly  missed  the  active  assistance 
of  Dr.  Guerard,  whose  removal  to  a  distant  city  prevented  his  co-opera- 
tion, except  in  the  reading  of  the  proof.  I  am  also  indebted  to  Dr. 
Charles  Bolduan,  Assistant  Bacteriologist  in  the  Research  Laborator\-, 
for  valuable  help  in  preparing  this  work  for  press. 

I  take  this  opportunity  of  acknowledging  much  valuable  help  from 
the  splendid  work  on  the  pathogenic  micro-organisms  edited  by  Kolle 
and  Wa-ssermann.    Several  photographs  from  their  Atlas  have  been  used. 

W.  H.  P. 

Xew  York,  1905. 
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BACTERIOLOGY  IN  MEDICINE  AND  SURGERY. 


PART  I. 
PRINCIPLES  OF  BACTERIOLOGY. 


CHAPTER  I. 

INTRODUCTORY— HISTORICAL  SKETCH. 

Although  most  of  the  more  important  discoveries  in  bacteriology 
which  place  it  on  the  footing  of  a  science  are  of  comparatively  recent 
date,  the  foundations,  of .its_ studj  were. laid  over  two  centuries  ago. 
From  the  earliest  times  the  history  of  bacteriology  has  been  intimately 
associated  with  that  of  medicine.  Indeed,  it  is  only  through  the  inves- 
tigations into  the  life  historvof  the  vegetable  apd  animal  unicellular 
micro-organisms  tliat  our  present-Enowledge.  of  the  etiology,  course, 
and  prevention  of  the  infectious  diseases iias. -been .acquired;  and  it  is 
only  by  the  practical  application  of  the  principles  and  methods  of 
bacteriology  that  many  diseases  can  be  positively  diagnosed  or  the 
problems  which  present  themselves  to  the  sanitarian  be  certainly  solved. 
The  prominent  position  which  bacteriology  already  holds  toward 
medicine  is,  moreover,  daily  increasing  in  importance.  Original  dis- 
coveries are  constantly  adding  to  the  list  of  known  germ  diseases,  and 
the  outlook  is  favorable  for  eventually  obtaining,  through  serums, 
through  attenuated  cultures,  or  through  the  toxic  substances  of  the 
micro-organisms  themselves,  means  for  immunizing  against,  if  not 
curing,  many  of  the  specific  infections.  E\'en  at  present  bacterial 
products  and  protective  serums  are  used  successfully  a^  preventives  or 
curative  agents  in  several  of  the  most  prevalent  infectious  diseases. 
An  acquaintance,  therefore,  with  the  main  facts  concerning  these  micro- 
organisms is  as  necessary  to  the  education  of  the  modem  physician  as 
a  knowledge  of  anatomy,  pathology,  chemistry,  or  any  of  the  allied 
sciences. 

But  before  entering  into  a  detailed  consideration  of  the  subject  it 
may  be  interesting  and  instructive  to  review  briefly  a  few  of  the  impor- 
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t«i»t  sleps  which  le«!  up  to  the  development  of  the  scieiicf,  and  upon 
which  it^  ruuiiihiliuii  ivsts,  in  which  wf  shall  set*  that  tht-  rcsulls  olitained 
were  paim-d  only  ihmugli  loiijj  and  lobomuis  rrseHnh,  and  afti-r  niaiiy 
obslnclt's  were  met  and  overeome  by  indoinilablo  perseverance  and 
accurate  observation  and  experiment. 

rh**  _fiist_  pnjlwibly  a»tihc(itic  obsenatioiis  of  living  niicruscopic 
organisms  of  which  tFiere  is  any  record  arc  thuse  of  Kirchcr.  in  1659. 
This  original  investigator  demonstrated  the  presence  in  putriil  meat, 
milk,  vinegar,  cheese,  etc.,  of  "minute  linng  wonns,"  but  did  not 
descriln"  their  form  or  chjiriu-lcr. 

Not  hmg  after  this,  in  l(j75,  I^eeuwenhoeek  observed  in  rain-water, 
putrid  Li\fusions,  and  in  tiis  own  amTofher  saliva  and  diarrhd-ol  evacua- 
tions living,  motile  '■animak'uTa'""of  most  niimiW^iuimsions.  which 
he  dcscrilx-d  and  illuslrated  bydrnwinps.  I^euwenhoeck  practised  the 
art  nf  len.s-griniiin^,  in  which  he  eventnally  became  so  proficient  (hat 
he  perfected  a  Ions  superior  to  any  mapufWnp  glass  obtainable  at  that 
flay,  and  with  which  he  was  enabled  lo  see  objects  very  nnieh  smaller 
than  had  ever  bci-n  sei'ii  before.  "^Vith  the  greatest  a.sloni,shnient,"  he 
writes,  "I  observed  distributed  even.%vhere  through  the  ntaTcrial  which 
I  was  examining  ainniidcidr-s  uf  ihe  most  microscopic  size,  which 
move<l  themselves  about  very  energetically."  The  work  of  this  observer 
Is  omspieuous  for  its  purely  objective  character  and  absence  of  specu- 
lation; ami  his  descriptions  and  ilhistraiions  are  dime  with  remarkable 
clearness  antl  accuracy,  cunsidering  the  imperfect  optical  instruments 
at  hi.s  command.  It  was  not  until  many  years  later,  iiowcxer.  that  any 
attempt  was  made  to  deline  the  characters  of  these  minute  organisms 
anrl  to  classify  them  systematically. 

Knini  the  earliest  invciiligatiiins  into  the  life  history  and  properties 
of  bacteria  micrx)H^^ga^li^^ls  hiivc  bci-n  thought  to  play  an  important 
pari  in  the  causation  nf  infectious  diseases.  Shtirtly  after  the  first 
investigations  into  this  subject  the  opinion  was  advanced  that  puerperal 
fever,  measles,  sinall|xix,  typhus,  pleurisy,  epilepsy,  pout,  ami  many  other 
iliseases  were  due  to  ccmtagiun.  In  fact,  so  widespread  Iwcanie  the 
bi'lief  in  a  causal  relation  of  these  minute  itrganisms  to  disease  that  it 
soon  amounted  to  a  veritable  craze,  and  all  forms  and  kinds  of  diseases 
were  said  lo  l»e  prfKluced  in  this  way,  upon  no  other  foundation  than 
that  these  organisms  had  been  fiiund  in  the  month  and  intestinal  con- 
tents nf  nien  and  animals,  and  ii\  water. 

,Viuong  those  who  wen-  espet-ially  coitspicuoua  at  this  time  for  tlieir 
advanced  views  on  the  germ-theorv  nf  infwtious  disr-ases  wn.s  Marcus 
.-Viitonins  Flenciz.  a  phvsician  of  Vienna.  This  acute  obser\er,  who 
)>ubli9hed  his  views  in  1(^2,  maintained  tliat  not  only  were  all  infections 
dis<'ases  caused  by  micro-organi.sins.  hut  that  tlie  infective  material 
cunld  be  uutlilng  else  than  a  lining  otyanism.     On  these  grouutts  he 

Lendeavore^l  to  explain  the  variations  in  the  period  of  ineulwtion  of  the 
ditrerent  infectious  tlis«'ases.  He  alstj  insisted  that  there  were  special 
germs  for  each  infectituis  <liscase  by  which  the  specific  disease  was 
produced,  Plenciz  believe*!,  moreover,  that  tliese  organisms  were 
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<^pal>le_of  uiultiplication  in  (hft  body,  aad  sugfrt-attni  ^he  possibility  of 
ihcir  Umii^  ciinvfVfil  frimi  plair  tu  place  tlirou^  the  air. 

'iTiese  views,' it  is  true,  were  largely  s|»eculativej  antl  rrsteil  upon 
iiisuffident  experiDjeiit;  but  ificy  were  so  plausible,  and  ilie  arguments 
put  forwanl  in  their  supjwrt  were  so  lopieal  and  convincing,  that  they 
cuntinued  to  gain  gnjund.  in  spite  of  considerable  opposilion  and 
ridicule,  and  in  many  instances  the  conclusions  reached  have  since 
been  proved  to  be  correct.  *l*he  fact  that  infectious  diseases  were  of 
sudden  occurrence,  breaking  out  often  in  isolated  places,  and  that  they 
fre(pienily  reinaiiusl  clinging  for  long  |M'riiKJs  to  certain  localities, 
leaving  others  unatTeeleil,  was  evidence  that  they  were  not  produced 
by  ft  gaseous  infcetive  agi-nt.  Moreover,  the  mode  of  infection,  ita 
unlimited  development  among  large  numbers  of  individuals,  and 
gradual  spread  over  wide  areas — (he  ineul)ation,  course  of.  and  resultiug 
innntmity  in  recovery  from  infections  diseases — all  {lolnted  to  the 
pn)bable  cause  being  a  living  organism. 

Among  other  distinguished  men  of  the  day  whose  obser\-ations 
exerlftl  a  most  powerful  influence  upon  ihe  doctrine  of  infectiuu  may 
he  menlioneri  Henle.  His  writings  ii'ailu^otfivi^  1nvf»ti^iiktns,  IK4U, 
Ond  Text-hoitk  of  liatumtif  Pnthnlnrjtf,  1S53),  in  whieh  he  descriln-tl  the 
rt'lalion  of  micro-tirganisnis  lo  infectious  diseases,  and  ileiiucd  the 
cimracter  anj'acilon  of  bacteria  upon  certain  phases  and  symptoms 
o/. these  affections,  are  rt'iuarkablc  for  their  clearness  and  precision. 

But.  meanwhile,  the  c|ueslion  which  most  interested  these  investigators 
into  the  cause  of  infectious  diseases  was:  Wlicnct*  arc  these  micro- 
organisms derived  which  were  supposed  to  produce  them?  Were  they 
the  result  of_S|i|Ontaneous  generation  due  to  vegetative  changes  in  the 
Sfibstances  in- whicJi  the  organisni.s  were  found,  or  were  they  reproduced 
from  ^ijiiilar  pre-existing  organisms — the  so-<-alli'd  \itaHsUc  theory? 
lliis  (jucitiun  is  inliniatelv  eonneeted  witli  the  investigations  into  the 
origin  and  nature  of  fermentation  and  putrefaction. 

Spallair/ant  in   17AQ  demonstrated   that  if    putresciUIe  infusions  of 

nr_|fliuc  nirttter  were  placed  in  lieniietically  sealed   flasks  ami   (hen 

__boiIe<rthu"  liquids  were  .steriliTM-i];   neither  were  living  organisms  found 

in  the  s^iluli(jn.s.  nor  did  th*'y  decompose;  and  the  infusions  remained 

uncluiiged  for  an  indefinite  period. 

ITWaa  objeettnl  to  these  experimenis  that  the  High  temperature  lo 
which  the  licpiiijs  hnd  U-en  subjected  so  altered  them  that  s]K>ntaneous 
generation  could  no  lungi-r  lake  place.  This  nbjection  was  met  by 
Spallanxani  by  cracking  one  of  tlie  flasks  and  allowing  air  to  enter, 
whiTi  living  organisms  and  <leooaiposition  again  apjjcarcd  in  the  boiled 
infusions. 

•Vnother  olijeetion  niiscNl  by  the  iH'licveis  in  spoiUaueous  generation 
wiLS  thai  in  excluding  the  oxygen  of  the  air  by  hermetically  sealing  the 
flasks  the  essential  condition  for  the  development  of  fermentation,  wliich 
retjuircd  free  admis.sion  of  this  gas,  was  interfered  with.  This  objection 
was  then  met  by  .Sehulze,  in  ISSfi,  by  causing  the  air  admitted  to  the 
boiled  deeom|X>sable  liquids  to  pass  through  strong  sulphuric  acid. 
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Air  thus  robbed  of  its  living  organisms  did  not  produce  decf^o^sition; 
wlipreaa  when  no  such  precautions  were  taken  with  the  air  admitTPcJ 
the  boiled  solutions  quickly  fell  into  putivfactiou,  and  Using  organisms 
were  found  to  be  present. 

Schwann  In  1839  obtained  similar  n-sults  in  another  way;  btulfprived 
the  air  admitted  to  his  lioiled  liipiids  of  inienniirganisius  by  jMisnin^  it 
thmiigh  a  tube  which  was  lieulfil  In  a  Ittnperature  hitfh  enough  (o 
destroy  them.  To  this  investigator  is  alsii  due  the  erc'iJit  of  faring 
discovered  the  specific  cause — the  yeast  plant,  or  gaccharornxfces  cerevitia 
— of  alcoholic  fennentation,  the  process  hy  which  sugar  is  decomposed 
into  alcohol  aud  carlmnio  acid. 

.\gain.  it  was  objected  to  these  ejcperiniciits  that  the  heating  of  the 
air  had  pcrha^is  bixuight  aliont  sunir  elicnjicai  change  which  hindered 
the  production  of  fermentation.  Sohroeder  and  von  Dusch  in  1854 
tlien  showed  that  by  a  simple  pnjc<'ss  of  filtraliori.  which  has  since 
provfd  of  inestimable  value  in  bacteriological  work,  the  air  can  be 
uiechanieally  freed  from  germs.  Ky  placing  in  the  nioulh  of  the  flask 
containing  the  boiled  solutions  a  loose  plug  of  cotton,  through  which 
the  air  coultl  freely  circulate,  it  was  found  that  all  husficnded  niicro- 
organisnis  could  be  excluded,  and  that  air  passed  through  such  a  (ilter, 
whether  hot  or  cold,  did  not  cause  fermentation  of  Ix^iled  infusions. 

.Similar  results  were  obtained  by  lli>tTniann  in  IStiO,  and  by  <!hevreul 
and  Pasteur  in  ISGl.  without  a  cotton  filter,  by  drawing  out  the  neck 
of  the  flask  to  a  fine  Uii)v  and  turning  it  downward,  leaving  the  mouth 
open.  In  this  case  the  force  of  gravity  pi-events  the  siispcmlcd  liacteria 
from  ascending,  and  there  is  no  current  of  air  to  carry  tlicin  upward 
through  the  tube  into  the  flask  containing  the  boiled  infusion. 

Tyndall  later  showed  (IS7(>),  by  his  well-known  investigations  upon 
the  floating  matters  of  the  air,  that  in  a  closed  chaniljer.  in  which  the 
air  is  not  disturbed  hy  currents,  all  suspended  particles  settle  to  the 
bottom,  the  sui>frincund)ent  air  being  optically  pure,  as  is  proved  by 
passing  a  ray  of  light  through  it.  lie  demonstrated  that  the  presence 
of  living  organi.sn]s  in  deciimposing  fluids  wua  always  to  l>c  explainen 
either  hy  the  pre-existence  of  similar  living  forms  in  the  infusion  or 
upon  tlie  walls  of  the  vessel  containing  it.  or  by  the  infusion  having 
been  exp(jsed  to  air  which  was  eonlauiiiuiled  with  organisms. 

These  facts  have  since  been  practically  confinned  on  a  large  scale 
in  the  preservation  of  food  by  the  process  of  sterilization.  Indeed, 
there  is  scarcely  any  biological  problem  which  has  lieen  so  satisfactorily 
8:>lved  or  in  which  such  uniform  results  have  been  obiained;  but  all 
through  the  ex|ieriments  of  the  earlier  investigators  irn-gularities  were 
constantly  appearing.  Although  in  the  large  majority  of  cases  it  was 
found  possible  to  keep  boiled  organic  liquids  sterile  in  flasks  to  which 
the  oxygi'n  of  the  air  had  frc<"  access,  the  question  of  s{HintaiKx>us 
generation  still  remained  unscttlcdj  innsriiudi  as  occasionally,  even 
under  the  most  careful  prccautiuns>  decump<jsition  did  occur  in  such 
boiled  Uquids. 

This  fact  was  explained  by  Pasteur  in  ISGO  by  experiments  showing 
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that  Jthpjeiiiperalure  of  boiling  water  was  not  suflit-ient  to  destroy  all 
Unng  orgAiiisniK,  and  that,  espi'cially  in  alkaline  liquidS)  0.  higher 
temjKCftture  ~vcns  re<]iJred  to  ensure  sterilizatiun.  He  sliowetl  thai  at 
a  temperature_of  j  !0^  to  U2°  ( '.,  however,  which  he  obtained  by  boiling 
under  a  prt'ssure  of  one  and  one-lialf  utuuuspheres,  all  living  organiains 
were  Invariably  killed. 

Pasteur  at  ajatcr  date  (liJftoJ  demonstrated  that  the  organisms  which 
reaisLlhc  jjoiling  teraperatiircare.-in  iaci,  reproductive  bodiesj  which 
are  now  known  as  sirnres. 

In   lS7l]  tlic^  devpSnprnenI  of  sjiores  was  earefiilly  invt'stigated   and 
.explametl  by  Ferdinund  Colin.      Ilt*^  and  a  IJltlc   later ^Ktieh,  showed 
that  certain  rod-shtiped  prgunisms  possess  the  jjower  of  pa^^g  into 
a.rcsting  or  "pd'-r  -■•-.'  -■  under,pc:uHar  conditions' orgrowth,  and  wlien 
in^tliis  sta^.    :!i'  .luch  less  snsci'ptible  (o  the  injurious  action  of 

higher  temperaLUica  dmii  when  in  their  normal  ve/:etativc  condition. 

\Vith  this  tliscuvery  the  controveisy  of  apontanixms  generation^  in  3o. 
far  as  it  relatfd  to  identifitd  bacteria,  was  finally  settled.  If  these  micro- 
organi.snis,  some  of  them  being  rapaljle  of  prodm-ing  the  more  resistant 
sp<^)res.  were  present  in  the  air,  dnst,  soil,  water,  etc..  it  was  easy  enough 
to  explain  the  irregularities  in  the  previous  experiments;  nor  was  it  any 
longer  to  !>e  doubted  that  these  bacteria,  through  their  proilucts,  were 
the  cause,  not  the  effect,  of  fermentation  and  putrefaction,  and  that 
when  organic  siibslanci's  were  completely  sterilized  and  protected  against 
the  entrance  of  living  genus  from  without,  no  development  of  micro- 
organisms occurred  in  thi-m. 

Stimulated  by  the  cstahjishmentof  the  fact,  thnnigh  Pasti-ur's  investi- 
gationa,,  that Jermentation  and  putrefaction  were  dni  ti.  ih.  ;irtion  of 
li_^ng_organisms  reproduee^l.  from.sijiiilar  ]jm   -       ri,'-  (niiiis,  and  that 

each  foxiu  of  fenmeulatiou  was  due  to  a  ^].i    I^ni-niLMiiism.  the 

study  of  the  cau.sal  relation  of  micro-organ  isms  lo  disease  was  taken 
up  with  renewed  vigor.  Ueferent-e  has  already  been  made  to  the 
opinions  and  hypotheses  of  (he  earlier  obsen-ers  as  to  the  microbic 
ongin  of  infectious  diseases.  The  fiist  ptjsitivc  grounds,  liowever,  for 
this  doctrine,  founded  upon  actual  experiment,  were  the  invfstigations 
into  (he  cause  of  certain  infectious  diseases  in  ins<'cts  and  plants.  Thus. 
Dassi  in  1S37  demonstrated  that  a  fatal  infectious  malady  of  the 
ailkwonu— mii.icnrffin/' — was  due  to  a  parasitic  miero-organisni.  Pasteur 
later  devoted  several  years'  study  to  an  exhaustive  investigation  into 
the  same  subject;  atid  in  like  mamier  Tulassi'  in  ]Kf]4  and  K'iihnc 
in  ISno  showed  that  eenain  speeific  affections  in  grains,  the  potato, 
etc..  were  due  to  the  invasion  of  parasites. 

Ven-  soon  after  this  it  was  demonstrated  that  nucro-organlsms  were 
^.probably  the  cause  of  certain  infectious  diseases  in  man  and  the  higher 
animals.  Baeteriological  research  has  always  been  of  special  interest 
to  physicians.  Many  of  the  most  distinguished  physicians  of  the  day, 
in  the  earlier  history  of  the  science,  ixincerned  themselves  in  these 
investigations,  and  the  progress  made  during  the  j>ast  fifteen  or  twenty 
years  has  lieen  lar^ly  due  to  their  work.     Oavaine,  a  famous  French 


^B^'^hv'sician,  has  the  hnnor  of  haiinn^  first  <leinoiist rated  the  causa)  rvlalion 
^V  of  a  mirriwirpinism  In  a  sjiecifir  infeHioiis  di.spasp  in  man  and  animals. 
^^.  'Thi>  anthrax  bacillii.s  uas  dist'iivered  in  ihc  lilood  of  a&uual^s  dyiiif; 
^V  from  this  dist-nsi'  hy  PtiUriidi-r  in  1S4U  ami  l>v  Da^aine  in  ISHI;  lull 
^H  it  was  not  until  1^03  ttiat  the  lasl-iinnifd  iiliscrvci-  di-tnini.ilratiil  liy 
i^p     inoculatiuii  expcriiucnts  that  the  ]>iiciilu3  was  tiK'  cau.se  of  anthrax. 

The  next  discoveries  made  wore  th»»se  relating  to  wcmnds  ami  the 

infections  (o  which  ihey  an-  liaMe.     RindHeiseh  in  IXfiii  und  Walfh'ver 

,  anri   von  Re<-k]iuj;haii.sen   in  1S71   were  the  ftist   in  draw  ultenlion  to 

Itht'  tninnli-  nr^unisiiKs  <H-cnrrinf;  in  the  pyjemie  processes  resnltinp 
frijin  iufecteil  wounds,  and  ofcasionahy  following  ts^phoid  fever.  Further 
tnveslii;atinns  were  made  in  eryai[»elalous  in  flam  i  nations  secondary  to 
injury  l>y  Billroth,  I'Vhleisen.  and  olhers,  jijireeing  lliul  in  these  con- 
ditliiiis  niiem-orcanisms  eould  almost  always  be  deteeteil  in  thi-  lymph 
channels  uf  (he  sulK'utaneoas  li.s.sne*s. 
The  brilliam_j¥sults  oblaincd  by  Lister  in  1S03-1X70,  in  ilie  anti- 
s>ptit'-HYjitjtiejri,t_of  wounds,  tu  prevent  or  inhibit  the  artion  of  infective 
organisms,  exerted  a  powerful  influence  »n  the  durtnne  of  bacterial 
infeelion,  causing  it  to  lie  recognized  far  and  wide  and  gradually  lesscn- 
_ing  t)ie  miml*er  of  its  opponents.  Lister's  methods  wert  sugjipyilotl  to 
him  hy  Pasteur's  investigations  im  putrefacii»m. 
Jn  iS77  AVeigert  and  Ehrlieh  reeommenth^il  the  use  of  the  aniline 
^^  .  (lyes  Jis  staining  agents  In  ihe  microseopic  examination  of  nucro- 
*-  -•      ofgnmsnis  in  cover-glass  preparations. 

i  In  the  year  ISSII  Pasteur  published  his  discovery  nf  ibi>  bacillus  of 

fowl  cholera  and  his  investigations  upim  the  atlcnualtcin  of  (he  virus 
of  antlirax  nnd  of  fowl  cholera,  and  U|«)n  protective  inoculation  against 
these  diseases.      T^veran  in  the  same  year  announced    the  cliscover.* 
of  parasitic  bodies  in  tlie  blood  of  persons  sick  with  malarial  fever, 
ami  thus  .started  inve^^i Ligations  uiKtii  the  unicellular  animal  parasites. 
lil—l'S^I    Koch    niadi"  lii.s  fumlanicnlal    researches  ufwm  pathogenic 
y  jt    hftctecia.    He  introduced  solid  culture  media  an<l  tlie  "plate  method" 
for  nbtainiiig  pun-  ciiliiires.  and  show«'d  how  ditTerent  organisms  could 
be  is  tlaled.  ruhivntcl  indepi-ndently.  anil  by  irmculation  of  purt*  cultures 
i  t^      into  sus:'ep[ible  animals  made,  in  many  cases,  to  n-pniduec  the  s|M-cific 
■f     disea.sp  of  which  they  were  the  cause.     To  him  more  than  loiy  other 
^P      are  due  the  methods  which  have  enable<l  us  to  prove  absolutely  in  a 
"       broad  .sense  the  p«'rmanenee  of  Iwicterial  varieties.      It  was  in  the  r-ourse 
of  tliis  work  that  the  Abl»e  system  of  substage  condensing  appanilus 
was  first  used  in  Iwicleriology. 

Ill  l.SS?  Pustenr  ptddislnd  his  (ir.st  coinmuniciliiMi  upon  rabies. 
A  lillle  later  cann'  the  invi-sligatlnns  of  Lietfler  and  Iloux  upon  the 
diplitherifi  bn«'illus  and  its  toxins,  and  that  of  Kilasaio  ujwm  ti-tanus. 
Tlies<'  rcsi-arches  pavw]  the  way  for  BehringV  diseovi-ry  of  diphthena 
antiloxirt.  which  in  its  inni  stimulnteil  InvTsligation  ujxin  the  v)KAe 
f  immunity 


CHAPTER   II. 

GENBRAL  CKARACTERtSTICSOF  BACTERIA— RELATION  'IX)  OTHER 
>nCRO-ORGANISMS— MORPHOLOGY  AND  STRUCTURE. 


Ba<teria  comprisf!  the  mosl  important  of  the  f*t()ii|is  of  miero- 
ui^fftnisms  which  liave  in  winininii  (lit-  ability  to  iuvaih'  the  living  ti'ssiiea 
of  animals  ami  plants,  auH  so  bocome  involvLii  in  the  production  of 
disease.  The  niieru-orgsinisnis  of  some  of  the  groups  are  uuOonlittslly 
animal  structnreSw_while  others  are  clearly  minute  plants.  Baeteria 
arc  such  primitive  fonns  that  their  JifTereatialton  is  not  marked,  being 
related  to  both  plants  and  animals,  but  their  resemblance  to  plants 
seems  to  be  so  mueh  eloser  that  Ihey  are  assigned  to  (he  ve;;eial>le 
kingdom.  The  bacteria  are  able  to  obtain  their  nourishment  from 
much  simpler  chemical  substances  than  the  animal  rellSf  yet  they 
cannot  use  some  of  the  substances  which  are  assimilable  by  the  green 
plants.  Structurally  and  iiiorpholopicully  they  are  apparently  fxtreuiely 
simple,  althou;;h  biolopeally  they  are  very  variable.  .Some  bacli'na 
an*  endow***!  with  nsotilitv,  olhers  lack  it.  The  majority  am  re]>ro(luced 
by  transverse  division,  and  in  some  respects  they  resemble  the  funjji; 
hence  called  by  Naepeli  "fission  fun^,  or  scliizomycetes."  They  are 
also  somewhat  allied  to  the  lower  algie.  eai>ecially  in  their  ability  to 
use  simpler  inorganic  substanc<-s  tn  build  up  higher  comptmnds.  but 
differ  from  them  in  not  huving  cfalorophyll.  A  few  varieties  of  unicel- 
lular organisms  resemtilt-  b;ii  leria  in  all  their  known  characteri .sties, 
except  that  they  possess  chlorophyll  or  snijstances  similar  to  it,  Others, 
still,  which  have  no  chlornphyll,  an*  able,  in  the  alisence  (if  lijutht,  to 
build  np  organic  substances  syuthelically.  Tlie  uiotile  bacteria  are 
do3ely_  rclatQiJ  to  the  protozoa,  some  of  wliich  also  iuvrulc  animal 
tissues.  The  latter  belong  mostly  to  the  animal  kingdom  and  have 
a  very  wide  di.'?tribution. 

The  bacteria  are.  therefore,  a  great  class  of  micro-organisms  which 
have  relation  on  ime  or  more  sides  to  ■fithcr  chL-s-ses.  There  are  wonderful 
differences  in  the  comlitions  of  life  and  nutrition,  which  suit  the  different 
varieties.  We  meet  with  bacterial  life  Ix'tween  tl°  and  7h°  C  Some 
live  only  in  the  tissues  of  men,  other.s  in  animals,  ami  by  far  the  greater 
numl^ier  in  dead  organic  matter.  For  sonie  free  oxygen  is  necessary  to 
life,  for  olhers  it  is  a  poison. 

Baeteria  may  be  defined  as  extremely  miuutc.  unicellular  vegetable 
micro-organTsnis,  which  reproduce  themselves  with  exceeding  rapiility, 
ustuLlIy  by  tran.sverse  division,  and  nourish  themselves  without  the  aid 
of  chlorf)phyll.    Tliey  have  great  jmwers  of  adapting   themselves  to 
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variwi  wMiili lions.  TIh'v  liavo  no  jiiieKnis,  strictly  spwikiiig,  but  con- 
lain  a  subatant-e  which  resembles  nuclear  material.  " 
-  Those  bacteria  which  depend  entirelv  upon  a  linnp  host  for  their 
I 'emstencc  are  known  aa  xtrict  parasUes;  those  whicli  run  lead  a  sapro- 
phytic existence,  but  which  usLially  thrive  only  wnthin  the  body  of  a 
living  animal,  are  railed  jacjdtative  parasites.  The  sirid  saprophyles, 
which  represi^nt  the  large  majority  of  all  bacteria,  while  they  destroy 
refuse  are  not  only  harmless  to  living  oi^anisms.  hut  perform  many 
Bxeetdingly  iin|>ortant  fniictioiis  in  nature,  such  as  flic  destruction  of 
;ad  argaiiic  ina(t"*i  and  its  pre[wrntinn  for  plant  foo<l  through  decom- 
_  >sitiou,  putrefaction,  and  feruRiitation.  The  itamsih-s.ou  the  contrary. 
are  harmful  invaders  of  the  body  tissues,  exciting  by  iheir  gpoiwth  and 
pro<!ucts  many  fonns  of  inlTamination  and  disease. 

HeUtioDBhip  of  Bacteria  to  Other  Miao-orgsnismi. — liactcria  are 
allied  to  moulds  on  the  one  hand,  and  to  yeastfi  on  the  other.  They 
have  no  ditTerenliati4>n  into  root,  stem,  and  leaf.  They  resemble  fungi, 
in  (hat  no  sexual _Kpjniilucliou  occurs,  and  that  their  niwle  of  multipli- 
cation is  usimlly  by  simple  division.  From  such  facts  as  tluse  we  may 
show  their  relations  ana  build  up  a  classification  as  follows: 

Thslloi'hjrtaHowftrplsnUwlUi  no  dj«Un«tlon  belweciu  root  KBtl  Mem). 


Form*  with  GblorapbjrH 
(ftlgw.  etc.). 


VOnDfl  trlUiont  obloropbrll. 


MiilUcwIIulu-:  fporo  In  dlfferenliatrd 
Aingl  uiid  mouMi-) 


UnlMllUlir :  fi|Kir««  fnqupnUr  abMiiil, 

■MK-bMrlnKcellf  Utllvor  itoiat  aJl 

dlfnmiilaMl ;  no  Mxitkl  ni^ocluctlott. 


Tlie  iMctcrla, 


Tb«]r«Hl> 

(UMlMBTCCteft). 


The  bacteria  may  be  sulxlivided  into  lower  and  higher  forms.  The 
lower  forms  an-  the  more  numerous  and  consist  of  minute  unicellular 
masses  of  proto])lasm.  The  larj^cst  of  the  forms  met  with  in  animals 
are  ft/',  "r  niicromillimetres  (a  /*=  jyThnr  of  »i  '"eh),  long  by  less  than 
Ifi  thick.  The  smallest  known  bacteria  measure  0.5/'  long  by  0.2// 
thick,  while  others  are  invisible  with  any  mapiificalion  which  we  now 
possess. 

The  higher  forms  (see  streptothrix)  show  advance  on  the  lower  along 
two  lines:  fl)  On  the  one  hand  they  consist  of  filaments  made  up  of 
simple  elements,  such  as  occur  in  the  lower  forms.  These  filaments 
may  Iw  nion-  or  less  septate,  may  Ik-  provided  with  a  sheaih>  anil  may 
show  branching,  either  true  or  false.  The  minute  structure  of  the 
elements  comprising  these  filamenl.s  is  analogous  to  that  of  the  lower 
fonns.  Their  size,  however,  is  often  somewhat  greater.  The  lower 
forms  sometimes  occur  in  filaments,  but  here  every  nieniU-r  of  the 
filament  is  independent,  while  in  the  liigher  fonns  there  seems  lo  be  a 
certain  interdependence  among  the  individual  elements.    For  instance, 
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growth  may  occur  only  at  one  end  of  a  filament,  the  other  forming 
an  attachment  to  some  fixed  object.  (2)  The  higher  forms,  moreover, 
present  this  further  development  that  in  certain  cases  some  of  the 
elements  may  be  set  apart  for  the  reproduction  of  new  individuals. 
The  lower  fungi  have  a  still  more  complicated  development  (Fig.  1). 

Morphology.  Basic  Forms  of  the  Lower  B.\cteria. — ^The  basic 
forms  of  the  single  bacterial  cells  are  threefold — the  sphere,  the  rod,  and 
the  segment  of  a  spiral.  Although  under  different  conditions  fhe  type 
form  of  any  one  species  may  vary  considerably,  yet  these  three  main 
divisions  under  similar  conditions  are  permanent;  and,  so  far  as  we 
know,  it  is  never  possible  by  any  means  to  bring  about  changes  in  the 
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organisms  that  \vill  result  in  the  conversion  of  the  morphology  of  the 
members  of  one  group  into  that  of  another — that  is,  micrococci  always, 
under  suitable  conditions,  produce  micrococci^  bacilli  produce  bacilli, 
and  spirilla^ produce  spirilla. 

The  form  of  the  i7acterial  cells  at  their  stage  of  complete  development 
must  be  distinguished  from  that  which  they  possess  just  after  or  just 
before  they  have  divided.  As  the  spherical  cell  develops  preparatory 
to  its  di\'ision  into  two  cells  it  liecomes  elongated  and  appears  as  a 
short  oval  rod;  at  the  moment  of  its  division,  on  the  contrary,  the  trans- 
verse diameter  of  each  of  its  two  halves  is  greater  than  their  long 
diameter.  A  short  rod  becomes  in  the  same  way,  at  the  moment  of 
its  division,  two  cells,  the  long  diameter  of  each  of  which  may  be 
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even  a  triHe  Icjw  than  its  short  diameter,  and  thus  they  appear  on  super- 
ficial exanitiiutibn  us  spheres. 

M  bacteria  muliiply  the  cells  produced  from  the  parent  cell  have 
A  greater  nr  less  temieney  lo  remain  HllAcIir<l.  Tins  Is  on  nn-ttiint  of 
the  slimy  envelope  whieh  all  hoeteria  have  more  or  less  develo(HHl.  In 
siiine  varieties  ihis  letiilcney  is  extremely  sli^'^ht,  in  others  it  is  marked. 
This  union  may  appear  simply  as  an  aj^jregation  of  separate  baeteria 
or  so  close  that  tlic  group  appears  as  a  single  cell.  Accontinp  to  the 
inethfMl  of  the  cell  division  and  the  tenaeity  with  which  the  trlls  hold 
toceilicr.  we  pet  different  ^n^iipinps  of  l>acleria.  which  aid  us  in  their 
ditlVrentiation  and  identiHcation.  Thus,  whether  the  bacterial  cell 
di\'kles  in  one.  two.  or  thrtH*  planes,  we  get  fomis  built  in  one,  two,  or 
three  dnnensions.  If  we  (;n>np  bacteria  aceonling  to  the  characteristic 
fomi  of  the  cells,  and  then  snlMiivide  them  acronling  lo  the  manner  of 
their  division  in  n-pniducticm  imd  the  tenneity  with  whieh  the  newly 
devehiped  wUs  cling  to  one  unodier,  we  will  have  the  following  varieties: 
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!.  Sphkkkal  Form,  or  Coccits  (F1(f.  2). — 'Vhc  size  varies  from 
alMiiit  0.3/(  as  minimum  diameter  to  'if  as  ma:cinunn.  'J'he  single 
eleinente  are  at  the  moment  of  their  roniplete  development,  so  far  as 
we  can  deteniiine.  ah-sohuely  spherical;  Imt  when  .Sf«'n  in  the  pn>eess 
of  ninltipli<'ation  thron>;h  di\*ision  the  fonn  is  selilom  that  of  -a  true 
sphere.  Hert:  we  have  elanpued  nr  lancet-shaped  funny,  as  fr^Hpiently 
seen  in  the  diplococcus  of  pneumonia,  or  the  opposite,  as  in  the  rliplo- 
cocciis  of  jfonorrhu'a.  where  the  cocel  ap|>ear  to  be  flattened  against 
one  another.  Those  cells  which  divide  in  one  tlireelion  only  and  r(*niain 
attached  are  foun<l  in  pairs  <dipl<icoecil  or  in  shorter  or  lonjjer  chains 
(streptococci).  Those  which  dinde  in  two  directions,  the  one  at  right 
angles  to  the  othe.r,  form  bunches  of  four  (tetrads).  Those  wliich 
divide  in  three  directions  and  cling  together  fonn  packets  in  cubes 
isareiiiji').  Those  which  apparently  flivide  irn-nularly  in  any  axis 
form  irregularly  shaped,  grape-like  bunches  (staphylonjceit. 

There  arc  a  considerable  nuinlx^r  of  bactrria  wliich  appear  to  fre- 
quently assume  spherical  fonns.  or  at  least  funus  so  like  spheres  that 
they  cannot  be  diA'creniialeii  from  them,  and  yet  under  other  conditions 
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they  generate  rod-like  forms.  These  nnparently  spherical  bacteria  we  ran 
properly  regard  as  short  tonus  of  Viacilli.  which,  owinjj  lo  the  rapidity  of 
division,  are  for  the  time  beinpof  the  same  size  in  Iwth  diameters.  Under 
suitable  coii<]itioits,  however,  the  tnie  rod-shape  is  always  develojied. 
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Tutno*  loniu  of  bcOUi :  a.  bacilli  wlUi  fld«  i»tr11«1  to  their  Icrni  kzIi  and  u-uit  »n4«  perp^n- 
dtcuUf ;  b,  buUU  wlih  aldw  sirollen  or  nuiowwl,  catuliig  IrregulKr  rormv    ( AUer  FlaKSO.) 

2.  Ron  FoRXf.  or  lUnu.fs. — ^The  type  of  this  group  is  (he  cylinder. 
The  lenj^h  of  the  fully  developed  cell  Is  always  longiT  than  its  bn-adth. 
Tliesizeof  the  ci-Msof  ilifTereiit  varieties  varies  enormously,  fmm  a  leiip;th 
of  30,"  aiut  a  breadtli  of  i,"  to  a  length  of  0.2«  ami  a  Im-adlli  of  i)Aft. 
The  lai^st  bacilli  met  with  in  discase*do  not,  however,  avemge  over 
3;t.     in  describing  their  forms  banlli  are  roughly  classed  na  slender 
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when  the  ratio  of  the  long  to  the  transverse  diameter  is  from  1:1  to 
1 :  10,  and  as  thick  when  the  proportions  of  the  long  fo  the  short  diameter 
18  approximately  I ;  2. 

The  eharaetcrislic  fonn  of  the  haoillus  is  one  with  a  straight  axis, 
uniform  thickne^  throughout,  and  flat  ends  (Fig.  3  a.  and  Fig.  6);  but 
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then'  are  many  exceptions  lo  this  typical  form.  Thus  frequently  Uie 
motile  bacteria  have  roumied  ends  (Flp.  3);  many  of  the  more  slender 
forms  have  the  long  axis  l»ent;  some  few  species,  such  as  the  diphtheria 
barilli  (Fig.  4),  invariably  produce  many  cells  whose  lluckne*s  is  very 
unequal  at  different  portions.  Spore  formation  also  causes  an  irregu- 
larity of  the  cell  uulline  (.Figs.  7,  I"  and  \S). 
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'Hie  bacilli  except  when  they  develop  from  spores  or  granules  dinde 
only  in  the  [ttanc  ]H'q>endictilar  tn  their  long  axis.  A  classification, 
therefore,  of  hncilli  according  to  their  manner  of  grotipiiig  is  much 
simpler  than  in  the  case  uf  the  cocci.  Wp  may  thus  have  bacilli  as 
isolated  cells,  as  pairs,  or  as  longer  or  shorter  chains. 

3.  SniLVL   FouM,   OK  SrmiuLUM.^The  members  of  the  third  roor- 

Ehological  group  are  spiral  in  shape,  or  rather  segments  of  a  spiral. 
[vrtt  too,  we  have  large  and  small,  slender  and  thick  spirals.    The 
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twisting  of  the  long  axis,  which  here  lies  in  two  planes,  is  the  chief 
characterisli<'  uf  (liis  group  of  bacteria,  l.'ndcr  normal  cotidili(ms  ihe 
twisting  is  ctjiial  tliroughout  the  entire  length  of  the  cell.  The  spirilla, 
like  the  bacilli,  divide  only  in  one  direction.  .A,  single  cell,  a  pair,  or  the 
union  of  two  or  more  elements  may  thus  present  the  appearance  of  a 
short  segment  of  a  spiral  or  a  comma-shaped  fonn,  an  S-shaped  form* 
or  a  complete  spiral  or  eorkserew-like  form  'Figs.  S,  9,  10  ami  11). 
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The  determination  of  morphological  characters  for  the  description 
of  bacteria  should  always  be  made  from  fully  developed  cultures ;  those 
which  are  too  young  may  present,  as  already  noted,  inamature  forms, 
due  to  rapid  multiplication,  while  in  old  cultures  altered  or  degenerated 
forms  may  be  observed. 

When  growth  is  obtained  upon  different  media,  variations,  especially 
in  size,  may  sometimes  be  olwerved.    These  differences  should  always 
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be  described,  together  with  a  note  of  the  media  upon  which  they  were 
developed  and  a  statement  as  to  whether  such  variation  is  a  marked 
feature  of  the  species  under  consideration. 

The  conditions  of  temperature  and  of  nutrition  w^hich  favor  growth 
are  very  various  for  different  species,  so  that  no  fixed  temperature, 
medium,  or  age  of  growth  can  be  determined  upon  as  applicable  to  all 
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Stmctore  ol  biGtarlftl  cells.  PlasmoljaU :  a,  spirUlnm  undula  ;  b,  bucllluB  aolmaii ;  c,  vibrio 

(After Butscbll.)  cbolerte.   (After  A.  Flecber.) 

species.  Morphological  descriptions  should  always  be  accompanied 
by  a  definite  statement  of  the  age  of  the  growth,  the  medium  from 
which  it  was  obtained,  and  the  temperature  at  which  it  was  developed. 
Stnictnre  of  Bacterial  Oells. — When  examined  in  water  under  the 
microscope  bacteria  appear  merely  as  colorless  refractile  bodies  with 
or  without  spores.  It  is  only  through  using  special  stains  that  we  are 
able  to  see  more  of  their  structure  (Fig.  12).    They  are  thus  found  to 
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have  a  rather  inHcfiiiite  cell  membrane  surrounding  the  central  proto- 
plasm. 'Hiiri,  Hrc'onliftj;  to  Z^-ttnow,  contains  a  nucleus,  or  al  least 
tlie  e<|uivalent  of  the  nueleua  of  the  higher  micro-orpanisiiis,  lying 
within  a  network  of  ^protoplasma.  'Vhe  nuclear  substance  takes  the 
chrunmliii  stains  nnti  in  oft(>ii  so  abiinrlant  that  the  material  holilin^  it  is 
covered  up.  The  phisiim  suh^taiici*  divides  into  iIk'  eiitnplasma  and  ilie 
ectflplasma.  The  first  is  more  or  le.ss  iutimately  connected  with  the 
nuclear  substance,  and  is  especially  culU-cted  at  the  ends  of  the  long 
bacteria.  This  stains  blue  by  the  Roinanowsld  method.  The  ecto- 
ptasnia.or  cell  nienibraiie.  is  a  much  inoa- concentrated  substance  than 
the  entoplasma.  and  remains  unstained  ordinarily,  but  by  special  stains 
appears  as  an  external  shell  or  fla^'Ha.  The  lucndtrimc  surrounding 
some  bacteria  is  very  slightly  dcvelope<l ;  in  others,  as  in  tubercle  bacilli, 
it  is  well  developwl.  It  is  never  a  cellulose  envelope  like  the  higher 
plant  cells,  hut  by  means  of  its  chemical  composition  is  diflferentiated 
from  the  iiuier  [ilasnia,  as  shown  In  plasinotysis.  Thus,  when  bacteria 
are  placed  in  I  |>er  cent.  chli>riHeof  sodium  the  central  I^kIv  contracts 
and  separates  itself  in  places  from  the  capsule,  a.s  shown  jri  Vig  13. 

TuK  CAPSULf. — The  capsule  consists  of  an  Innir  tougher  portion 
unmi'diatcly  surninndiiig  the  central  liody  and  which  grailually  pas.sc8 
intu  a  thinner  and  more  watci^' outtr  portion  which  is  uneolured  by 
ordinary  staining  method. 
"This  IS  mdicated  by  the  greater  apparent  diameter  of  bacteria  when 
stainpd  \sith  certain  dyes   l>eyond  what  they  usually  show.    Certain 

liacterijL,  however,  cfmimonly  known  as 
capsule  hucieria,  as  shown  in  Klg.  14,  have 
tKe  outer"  layers  of  the  membrane  sl\  much 
thickened  that  the  baclerin  seem  to  be 
surrounded!  by  a  broad  gelatinous  envelope 
nr  capsule,  whidi  is  distinguisluNl  by  a 
diminished  power  of  staining  witli  the  or- 
dinary aniline  dyes.  The  fo;  m  of  the  cap- 
sii'e  varies  with  difftrent  S]  ccies  I  Fig.  12). 
'Hie  denuMistration  of  this  capsule  is  often 
of  help  in  iHITcreiitiaiirig  U-lween  certain 
bacteria  c,^..  simic  forms  of  the  strep- 
tocopcus  and  pncuuiococcua.  A  peculi- 
arity of  the  capsule  bacteria  is  that,  cxtvpt 
very  rarely,  they  cxliibit  this  cnvelo])cnmy 
when  grown  in  the  animal  body  or  in  special  culture  nietha,  such  as 
milk,  blood  serum,  bronchial  mucus,  etc.;  grown  on  nutrient  gelatin 
agar  or  potato  the  capsule  is  only  %-isible  under  very  exceptional  con- 
ditions, and  tlien  not  distinctly. 

<  hiGANR  OF  MuTir  iTV.— The  outer  surface  of  Imcfrria,  when  oecuiv 
ring  in  tlic  form  of  spheres,  is  almost  always  smot)th  and  ilivoid 
of  ajjpendftgcs;  but  the  njds  aud  spirals  are  frefpiontly  pronded  with 
ime,  baii^like  apiH-udages,  or  flaycHa,  which  are  their  organs  of  motility 
{Figs.  15  and  IfiJ.     'I'hese  Hagella,  dthcr  singly  or  in   nunibtrs.  are 
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aometimes  (iistributed  over  the  entire  body  of  the  cell,  or  ihey  may 
'fonn  a  ttift  at  one  enti  of  thcrod^oTpnlyone  polar  flagcUuin  b  foun^ 
'rlie  polar  fla^lla  appear  on  the  bacteria  shortly  before  <livi:*irn. 
The  flajjella  are  believed  to  l>e  formed  of  the  ertoplasma.  and  proba- 
bly have  the  properly  of  protrusion  and  retraction.  So  far  as  we 
know,  the  ilagt'lla  are  the  only  means  of  loeomotioii  imsarsst-d  by  the 
bacteria.  They  are  not  readily  stained,  special  staining  agents  being 
required  for  this  pur|»o.se.  'Hie  envelope  of  (lie  bHCteria,  which  usually 
remains  un.staiiied  with  the  ordinary  dyt^.  then  iKx-omes  colored  and 
more  distinctly  visible  tlmii  is  commoTdy  the  case.  tJccasionally, 
howevex,  some  portion  of  the  envelope  remains  unstained,  when  the 
flagella  present  the  appearance  of  being  detached  from  the  bodylol 
the  bacteria  by  a  narrow  zone.  In  cultures  of  richly  flajrellatcd  bacteria 
peculiar  plealetl  masses  sometimes  are  nbservetl,  cfiiisisling  of  flagellft 
which  have  bi-en  detached  and  then  matted  together.  Bacteria  may 
los*^  their  power  of  prfidiieing  flagella  for  a  series  of  generations.  Whether 
their  power  be  pennnnently  lost  or  not  we  do  not  know. 
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RtPKuoi'CTioN  AMONG  Tilt-:  LowETt  Bactkhi.*.  — AMien  a  bacterial 
cell  is  plawd  in  favorable  surrouiwlings  for  development  it  multiplies, 
as  a  rule,  by  simple  division.  When  such  development  is  in  progress  a 
single  cell  will  be  seen  to  elongfite,  in  the  case  iif  spherical  ImrTeria  only 
slightly,  ami  in  the  rod-,shaped  organisms  considerat)|y  in  one  direction. 
Over  the  ivntre  of  the  long  axis  thus  formed  will  appear  a  slight  inden- 
tation in  the  outer  envelope  of  the  cell;  this  indentniion  increases  in 
extent  until  there  exists  eventually  two  individuals.  As  a  rule,  the  cells 
separate  from  one  another  sixni  aftiT  division,  but  occaj^ionally  they 
remBin  together  for  a  time,  forming  pairs  and  chains.  I'ncler  certain 
conditions  of  nutrition  lung  itireuds  or  liliuuents  are  formed,  which, 
however,  when  put  in  contact  with  new  food,  hrcak  up  into  fragments. 
At  times,  when  the  culture  media  are  exhaiiste<l  or  nearly  so,  the  bacilli 
and  spirilla  will  be  found  to  go  on  dimltng,  with  little  or  no  increase 
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in  lenjfth.  and  thus  coecus-like  forms  result;  but  when  these  are  pven 
fresh  food  under  suitable  conditions  they  elongate  and  reproduce 
the  usual  shape*!  orKanisrns.  Aceordin^  to  retrnt  invcslij;atious  on 
llie  subject  of  eoll  reproduction,  the  dinsion  of  the  cell  starts  from  the 
protoplasmic  layer,  the  central  space  beirp  passively  destroyed,  and  the 
outer  enveloj»e  is  only  secondarily  eoneerneil  in  the  process.  This  would 
indicate  that  the  central  space  is  not  a  true  nucleus,  othen^ise  the 
ilivislon  nf  the  nucleus  shoulil  precede  the  cell  division.  The  complete 
process  of  cell  reproduction  in  most  varieties  occupies,  tmder  favorable 
conditions,  nlxiut  twenty  to  tliirty  minutes. 

But  altliour;h  elon^jation  in  the  greater  diameter  and  transverse 
division  is  the  rule  for  the  majority  of  bacteria,  there  are  certain  pvups, 
as  the  sarcjnie,  for  example,  wkuch  divide  more  or  less  regularly  in 
three  directions.  Instead  of  becoming  separated  from  each  other  as 
sinpTe  cells,  the  tendency  then  is  for  the  scfrtnentation  to  be  incomplete. 
ihe  cells  remaining  together  in  niass**i5.  The  indentations  upon  these 
masses  or  cubes,  which  indicate  the  point  of  incomplete  fission,  give  to 
these  bundles  of  cells  Uie  appearance  commonly  ascribed  to  them — 
that  of  a  bale  of  rags.  As  already  said,  division  in  two  opposite  direc- 
tions restdts  in  the  formation  of  a  group  of  forms  as  tetrads.  Division 
irregularly  in  all  directions  ri'sulls  in  tlic  production  of  clusters.  TTie 
rod-shaped  bacteria  never  divide  longitudinally, 

REi'Rom-cnoN  among  the  Higukk  Bactekia. — Most  of  the  higher 
bacteria  consist  of  thread-like  structures  more  or  leas  septate  and  often 
surrounded  by  a  sheath.  'Vhe  organism  is  frcfjuently  attached  at  one 
end  to  some  object  or  to  another  imlividual.  It  grows  to  a  certain  length, 
and  then  at  the  free  eml  ccrtHin  cells  called  goiudia  are  cast  off,  from 
which  new  individuals  are  formed.  The  gonidia  do  not  [>ossess  any 
special  pi^wers  of  resistance. 

Spore  formation  must  be  distinguished  from  vegetative  reproduction. 
This  is  the  process  by  which  the  organisms  are  enabled  to  enter  a  stage 
in  which  they  resist  deleterious  influences  to  a  mTich  higher  degree  tlian 
is  possible  for  them  in  the  growing  or  vegetative  condition.  It  is  true 
that  Tn  alTcultures  a  certain  proportion  of  the  bacteria  are  more  resistant 
than  the  average.  No  dilfen^nce  in  protoplaAin,  however,  has  been 
noted  in  them.  They  are  probably  the  youngest  and  most  hardy  or 
(x;r]iaps  iii\ohilion  fonns.  Tlie  difference  between  these  anel  the  less 
resistant  forms  13  not  great.  Some  have  believed  that  this  resistance  was 
due  to  certain  bodies  called  arlhrospores,  or  jointed  spores,  developed 
not  within  the  ci^ll,  but  as  a  spR>ut-like  separation  of  one  of  its  extremi- 
ties, liecent  researches  into  the  formation  of  arthrospores  have 
resulted  in  f|uestioning  their  c?dstcncc.  There  is,  therefore,  in  the  lower 
bacteria,  only  one  kind  of  spores  requiring  special  notice — viz.,  endo~ 
spoT£*c  These  aire  strongly  rcfractile  and  glistening  in  appearance, 
oval  or  roimd  iu  shape,  mid  ctimposeii  of  concentrated  protoplasm 
developed  within  the^yclL  l^igs.  J7  and  18).  They  are  characterized 
by  the  power  of  reAistiag^^be  injurious  influences  of  heat,  desiccation, 
and  cheuiicol  disinfectants. 
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The  protiuctiott  of  eiulospores- in  Lbe,difiei:ent_ species  of  bacteria, 
thqughnqt  ideaUiaijJ3_  vert -similw".  To  observe  the  formation  of 
spores  in  any  specu's  it  is  U-st  to  employ  a  streak  culture  on  iiutrieiil 
agar  or  a  potato  culture,  which  should  be  kept  at  the  tctnpemtnrc  nenreM 
the  opiimuin  <»f  the  orgiiriisiu  In  1m-  exari]im--(l.  At  the  end  tif  twelve, 
eighteen,  twenty-four,  thirty,  tliiny-six  hours,  etc.,  specimens  of  the 
culture  are  o)>3erved  first  unstained  In  a  liaii;;iitfr  drop  or  agar  block, 
and  then,  if  round  or  oval,  highly  refractile  bodies  are  seen,  they  should 
be  stained  for  spores.  A  luicillus,  as  a  rule,  produces  but  one  spore,  and 
more  than  two  have  never  lieen  observed. 

According  to  Fischer  motile  bacteria  always  come  to  a  state  of  iest 

or  iinmobiluy_pre\iDUa  to  spore  fonnation.    Several  s|)edes  first  become 

,eIongate<i.     Th*^  anthrax  bacillus  iloes  this,  and  a  description  of  the 

Tod"Of  its  pro«]uction  of  spores  may  serve  as  an  illustration  of  the 

process.     In  the  lieginninj:  llie  pniio])liisiti  of  the  eloujjuted  fiUuueutS    i 

is  homogeneoua,  hut  after  a  time  it  becolu^  turbj  J  imd  imdy  granulafjl 
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These  fine,  iiraiiulcs  are  then  replneetl  by  a  smaller  number  of  coarser 
granules,  which  an-  firiallv  aiiudgauuitcd  into  a  spheriral  or  oval  ivfrac- 
ule~tody,  i'liia  is  the  s|M'n'.  As  soon  as  the  process  is  completed  there 
ap]K-ars  belwwn  two  spoirs  a  delicate  partition  wall.  For  a  time  the 
spores  are  retained  In  a  linear  position  by  t^ie  cell  membrane  of  the 
bacillus,  but  this  is  later  disso]vc<l  or  broken  up  and  the  sjwrcs  are  set 
free.  Not  all  the  cells  that  make  the  effort  to  fonu  si>ores,  as  sliown  by 
the  spherical  bodie.<i  contained  in  them,  brinp  these  t4i  maturity;  indeed, 
many  varieties,  unrler  certain  cultural  cfjiiditions,  lose  their  property  of 
fonnin;^  si>fires.  'I'he  following  are  the  most  important  s|«>ii'  types: 
(fl)  the  spore  l}"inj^  in  the  interior  of  single,  short,  uticHstended  cells; 
(b)  ifiF  spores  King  in  tbe  interior  of  a  chain  of  innlistondcd  eells 
(Kg.  7);  (c)  the  spore*  lying  at  the  extremity  of  a  cell  umch  enlarged 
•t  that^^ud — the  so-called  "head  spore"  I'Fig.  18);  and  (.liKhe  spore 
flying  io  the  interior  of  a  cell  ven-  much  enlarged  in  its  central  portion, 
giving  it  a  spindle  shape. 
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The  germinatum  of  spores  (Fig.  19)  takes  place  as  follows:  By  the 
absorp^pn  of/srater  tHej'.1&econie  swollen  and  pale  in  color,  losing  their 
shining,  refractile  appearance.  Later,  a  little  protuboranee  is  seen  upon 
orie~si3e  or  at  one  extreniity^of  the  spore,  and  this  rapidly  growsout  to 
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Showing  method!  of  Fporegerniiniitloii  :  .4,  polar  germinalloii  ofB.  bmyiicuH  (Hner  Prazmowakl); 
B,  equatorial  germiDallon  of  B.  BabtlUs  (after  Prazmowski);  C-D.  equatorial  germloatlon  of  B. 
tumMMM  anil  of  Back  carotorum  (after  A.  Koch);  E-h\  polar  germlnatioD  of  Bact.  aeMlls  (after 
L.  Klein);  H,  germtnation  by  abmrption  of  B.  antbracli  (after  De  Barj);  Q,  endogerminarion  In 
ipirillam  endoparagogtcum  (after  Sorokin):  1-K,  spore  formation  In  Bact.  antbracU  (after  Hlgala). 

form  a  rod  which  consists  of  soft-gFOHdiig_  protoplasm  enveloped  in  a 
membrane,  which  is  formed  of.  the  .^idpsporruni  or  inner  layer  of  the 

cellular  envelope  of  the  spore.  The  outer 
envelope,  or  exosporium,  is  cast  off  and 
may  be  seen  in  the  vicinity  of  the  newly 
formed  rod.  Sometimes  the  vegetative  cell 
emerges  from  one  extremity  of  the  oval 
spore,  and  in  other  species  the  exosporium 
is  ruptured  and  the  bacillus  emerges  from 
the  side. 

Involution  Forms. — In  old  cultures  of 
bacteria,  in  old  abscesses,  and  in  other 
places  where  the  deleterious  substances 
have  developed  and  the  foodstuffs  have 
been  largely  used,  the  rapidity  of  diWsion 
of  the  bacteria  is  lessened  and  there  are 
frequently  found  very  irregular  or  distorted 
forms,  due  to  the  abnormal  development 
and  division  of  the  bacterial  cells  under  the  unfavorable  conditions 
present.  These  are  spoken  of  as  invoUiUon  or  degenerated  forms.  If 
these  deformed  cells  are  placed  under  suitable  conditions  they  pro- 
duce again  normally  fashioned  organisms.  Coc-ci  may  produce  irregular 
rods  and  bacilli  threads.  In  old  abscesses  the  involution  forms  may 
look  entirely  different  from  the  well-developed  cells. 

Metachromatic  Granules. — These  appear  in  unstained  bacteria 
AS  fight-refracting,- in-stained  preparations  as  deeply  stained,  granules. 


Involution  form*  from  bacilli. 
(From  FUlgge.) 
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They  have  a  great  affinity  for  dyes,  and  so  stain  readily  and  give  up 
the  stain  with  some  difficulty.  In  certain  bacteria,  such  as  the  diphtheria 
bacilli,  they  are  especially  well  marked.  Here  they  have  diagoiios'Ql! 
value.  Besides  the  metachromatic  granules  there  are  others  which  take 
up  stains  with  difficulty. 


CHAPTER   IIT. 

THE  CLASSIFICATION  OF  BACTERIA -PERNUNENCE  OF  SPBCJBS 
—CHEMICAL  COMPOSITION  AND  NUTRITION. 

Oenen  and  Species. — Bacteria  have  been  classifici)  in  uiany  difl'erenf 
ways  by  diJfercnt  obscn'tTS.  ,\a  a  rule  the  genera  are  based  upon  mor- 
phological characters  and  the  species  upon  biochemical,  physiological, 
or  pathogenic  properties.  While  the  form,  size,  and  method  of  di\Tsion 
are  the  most  |jennai]iMit  characteristics  of  bacteria,  and  so  are  naturally 
utilized  for  class! Bcatioti,  nevertheless,  in  this  bajsis  of  dinsion  there  are 
decided  dinieulties.  Thus,  while  the  form  and  size  of  bacteria  an-  fairly 
constant  under  the  same  conditions,  vrc  have  already  noticed  tliat  they 
may  be  quite  different  under  diverse  conditions.  ^Vuotber  serious  draw- 
back for  our  purposes  is  that  these  morpholojeical  characteristics  give 
no  indication  whatever  of  the  relations  of  the  bacteria  to  disease  and 
fermentation — the  ver}'  characteristics  for  which  as  physicians  we  study 
them.  Other  properties  of  bacteria  which  are  fairly  constant  tinder 
uniform  conditions  are  those  of  spore  and  capsule  fonnation,  motility, 
reaction  to  staining  reagents,  relation  to  temperature,  to  oxygen,  and 
other  food  material,  and,  finally,  their  relation  to  fermentation  and 
disease. 

Taking  any  one  of  these  properties  of  bacteria  as  a  basis,  we  can 
classify  tbem;  but  even  here  there  will  be  groups  which  under  certain 
conditions  would  be  placed  in  one  class  and  under  others  in  another. 

Thus,  the  power  to  produce  sjwres  may  be  totally  lost  or  held  in 
abeyance  for  a  time. 

The  relations  to  oxyg«'n  may  be  gradually  altered,  so  tliat  an  anaerobic 
species  grows  in  the  presence  of  oxygen.  Parasitic  bacteria  may  be  so 
cultivated  as  to  become  saprophytic  varieties,  and  those  which  have 
no  power  to  grow  in  the  living  body  may  acquire  i»athogenic  proper- 
ties. 

The  possibility  of  making  any  thoroughly  satisfactory  classificalion 
is  rendered  still  more  difiicult  by  the  fact  that  many  necessarily  imper- 
fect attempts  have  already  been  made,  so  that  there  is  a  great  deal 
of  confusion,  which  is  .steadily  incrensed  as  now  varieties  are  found 
or  old  ones  reinvestigated  and  dassitied  ditferentty  in  the  different 
systems. 

As  one  of  the  more  successful  attempts  to  classify  bacteria,  the  s^'stem 
devised  by  Migida  is  here  ^ven,  simply  as  nn  example.  The  morphology 
of  bacteria  is  used  as  the  basis  of  the  division: 
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FAMILIES. 

I.  Cells  globose  in  a  free  state,  not  elongating  in  any 

direction  before  diriBion  into  1,  2,  or  3  planes      .     1.   Coccaceee. 
II.  Cells  cylindrical,  longer  or  shorter,  and  only  divid- 
ing  in  one  plane,  and  elongating  to  about  twice  the 
normal  length  before  the  division. 

a.  Cells    straight,  rod-shaped,  without   sheath,  non- 

motile,  or  motile  by  means  of  flagelta  .         .         .     2.   Bact^riacete. 

b.  Cells  crooked,  without  sheath  .        .        .         .3.  Spirillacete. 

c  Cells  enclosed  in  a  sheath 4.  Chlamydobacteriacese. 

GENERA.       • 

1.  Coceaeea. 
Cells  without  organs  of  motion. 

a.   Division  in  one  plane     ......     1.  Streptococcua. 

h.  Division  in  two  planes 2.  Micrococcus. 

e.  Division  in  three  planes 3.   Sarcins. 

Cells  with  organs  of  motion. 

a.  Division  in  two  planes 4.  Planococcus.  . 

b.  Division  in  three  planes 5.  Planoearcina. 

2.  Baeteritueat, 

Cells  without  organB  of  motion 1.  Bacterium. 

Cells  with  organs  of  motion  (Sagella). 

a.  Flagella  distribnted  over  the  whole  body  .     2.  Bacillus. 

b.  Flagella  polar  .        .  .3.  Pseudomonas. 

3.  Spiriilacece. 
Cells  rigid,  not  snake-like  or  flexuous. 

a.  Cells  without  organs  of  motion       .  .1.  Spirosoma. 

b.  Cells  with  organs  of  motion  (flagella). 

1.  Cells  with  1,  very  rarely  2  to  3  polar  flagella  ,     2,  Microspira. 

2.  Cells  with  polar  Bagella-tufts           .         .         .     3.  Spirillum- 
Cells  flexuous 4.  Spirochieta. 

4.   Chlamydobaeteriaeeoi  (higher  bacteria). 

Cell  contents  without  granules  of  sulphur. 

a.  Cell  threads  unbranched. 

I.  Cell  division  always  only  in  one  plane     .        .        .1,  Streptothrix. 
II.  Cell  division  in  three  planes  previous  to  the  forma- 
tion of  gonidia. 

1.  Cells  surrounded  by  a  very  delicate,  scarcely 

visible  sheath  (marine) 2.  Phragmidiothrix. 

2.  Sheath  clearly  visible  (in  fresh  water)   .  .3.  Crenothrix. 

b.  Cell  threads  branched 4.  Cladothrix. 

Cell  contents  containing  sulphur  granules      .  .     o.  Thiothrix. 

The  above  table  makes  changes  in  the  designation  of  some  of  the  most 
common  bacteria,  as  in  the  restoration  of  the  old  title  bacterium  and  the 
assigning  to  it  of  all  non-motile,  rod-shaped  organisms,  thus  altering 
the  name  of  some  of  the  most  common  pathogenic  bacteria  from  bacillus 
to  bacterium.    Other  changes  are  seen  in  the  spirilla.    Any  such  scheme 
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is  a(  tinn's  arbitrary  in  placing  Sffinc  varieties  under  one  x*?ueric  division 
and  others  closely  allied  in  another.  It  has  also  the  objection,  already 
noted,  that  it  is  nnly  one  of  several  claasitieations  alrendy  in  iise,  and 
until  an  authoritative  body  agrees  on  some  one  it  seems  unwise  in 
such  a  volume  a^  this  to  change  the  usually  employed  names  for 
others  which  are,  |RMha[)S,  intrinsically  iR-tter.  Another  important 
reason  for  waiting  is  that  with  (be  increase  uf  our  knowledge  we  are 
constantly  changing  the  |M>sition  of  dilTercTit  bacteria.  Thus,  such  a 
well-known  germ  us  the  tubercle  bacillus  is  now  found  to  province, 
under  certain  conditioas.  loiij;,  thread-like  hruiiching  forms;  so  that  it 
ceases  to  be  under  the  classification  of  Migula,  either  a  bacillus  or  bac- 
terium. We  will,  therefore,  simply  use  In  this  book  the  <tl(ler,  less  scien- 
tific nomenclature,  of  classing  all  rod  forms  as  bacilli  and  all  spiral 
fonns  as  spirilla,  and  consider  togcth<»r,  in  so  far  as  is  practicable,  cer- 
tain groups  of  bacteria  whose  meiabers  are  closely  allied  to  each  other 
in  some  one  or  more  iinportaiit  directions. 

Pdnnanence  of  Bacterial  Species. — When  we  come  to  study  special 
varieties  or  gmiip-s  of  Imcteriu,  such  as  the  bacilli  which  produce  typhoid 
fever,  diphtheria,  and  tubercidosis,  it  is  of  great  importance  for  us  to 
determine,  if  possible,  to  what  extent  the  peculiar  characteristics  which 
each  of  these  groups  of  bacteria  possess  are  |)ermanent  in  the  generations 
whicli  develop  from  them. 

We  cannot  lielieve  that  the  midtitude  of  bacterial  varieties  which 
now  exist  have  always  existed.  The  probability  is  very  strong  that 
with  succeeding  generations  and  changing  conditions  new  bacterial 
varieties  have  developed  with  new  characteristics. 

Kroni  linie  to  time  the  changing  conditions  under  which  life  prugroasod 
probably  exjwsed  certain  animals  to  the  invasion  of  varieties  which 
never  before  had  gained  access  to  them.  If  the  bacteria  found  some 
means  of  transmission  to  other  animals  equally  susceptible,  a  parasitic 
apccies  liecame  established  which  at  first,  perhaps,  found  contritions 
only  I  K*( -as  inn  ally  favorable  to  it.  Thus  in  some  such  way  a  multitude 
of  bacterial  gi"oups  arose,  some  of  which  accustomed  themselves  to 
the  conditions  present  in  living  pliin).s,  others  to  those  in  fishes,  others 
to  those  ill  birds,  and  others  still  to  those  in  man  and  the  higher 
animals. 

These  are,  however,  theorii-s.  What  has  been  ai-t  ually  observed  in  (he 
lew  years  during  which  bacteria  have  bci'n  studies!?  In  this  short  time 
the  pathogenic  species  as  obst-ned  in  disease  have  remained  practically 
unaltered,  'llie  diphtheria  bacilli  are  the  same  to-<]ayaa  when  LoefBer 
discovered  them  in  lKS-1,  ami  the  disease  itself  is  evidently  the  same  as 
history  shows  it  to  have  l>een  liefore  the  time  of  Christ.  The  same 
permanence  of  disease  type  is  true  for  tuberculosis,  sinall|K>x,  hydro- 
phobia, lejjrosy,  etc.  \  nder  practically  unchanged  conilitions,  tliere- 
fon',  ns  exist  in  the  IxMlies  of  men,  bacteria  which  have  once  lieconie 
established  as  pamsites  continue,  so  long  as  they  remain,  to  retain  their 
peculiar  ispecifie)  characteristics.  Wliethcr  new  disease  varieties,  such 
OS  the  influenza  bacillus,  are  coming  into  existence  from  time  to  time,  is, 
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of  course,  a  possibility,  but  not  a  certainty.  The  one  thing  we  can 
pn>bably  safely  assert  is  that  tlu-re  is  no  probability  that  any  saprophytic 
variety  now  existing  can,  under  any  possibility,  devtlop  into  the  now 
pccoj^nized  varieties  of  pathof^nic  l>acteria.  It  is  almost  impossible  to 
conceive  that  any  such  variety  should  develop  parasitic  tendencies,  under 
exactly  the  same  circumstances  as  those  varieties  which  now  produce 
dis?asc. 

Tlie  fact  tliat  the  chief  pathogenic  varieties  of  bacteria,  which  excite 
disease  in  man,  seem  to  have  retained  forcvmurie-'*  thi^ir  dinraiiorislios, 
in  no  way  proves  that  when  placi'd  under  different  coiiditiuns  tiicy  would 
n-niain  stable.  As  already  stiucd  the  charactfri-itics  nf  bacteria  can  Ih' 
radtially  altered,  but  they  then  lose  those  special  traits  which  enable 
them  to  excite  di.9ease  and  sr>  cease  to  exist  as  parasites  and  if  they 
have  lost  the  capacity  to  live  as  soprophvte.s  they  cease  to  ex-st  alto- 
^ther. 

Attonoation. — As  just  staled  it  is  established  that  the  great  majority 
of  parasitic  bacteria  can  be  so  allercd  bv  being  grown  oulside  the 
li««iy,  and  especially  bv  being  subjected  to  unfavorable  conditions, 
that  they,  while  morphologically  the  same,  lose  their  power  of  devel- 
f)piiig  in  the  Ixidy  and  of  producing  specific  poisons.  When  either  or 
both  of  these  jirojKTtiea  are  parlially  destroyed  they  can  usually  l>e 
redeveloped;  but  when  absolutely  lost  they  probably  cannot  be. 

The  recovery  of  toxin  production  is  brought  about  by  developing  the 
micro-organism  for  a  cuiisideiable  length  of  time  under  the  conditions 
best  suited  for  it.  The  n*covery  of  the  ability  to  grow  in  the  [^ody  of  any 
Htiiinal  species  is  brought  about  by  causing  the  gerni  to  develop  in  a 
series  of  animals  of  th?  same  sjjecics  whose  resistance  has  been  over- 
come by  reducing  their  vitality  through  poisons,  heat,  cold,  etc.  Another 
methixl  is  to  accustom  the  micro-organism  to  the  animal's  body  by 
letting  it  remain  surrounded  by  the  animal  fluids  as  it  rests  in  a  pt-r- 
vious  capsule  in  the  periToneal  ca\ity,  or  by  growing  il  in  unhented 
fresh  serum  or  blood  media. 

Ohemical  Composition  of  Bacteria. — Qualitatively  considered,  the 
l>odie.<(  of  bacteria  consist  largt-ly  of  water,  salts,  fats,  ami  albinniiious 
substances.  Thei-e  are  also  present,  in  smaller  quantities,  extractive 
suljslances  soluble  in  alcohol  and  in  ether.  Special  varieties  contain 
unusual  substances,  as  wax  and  cellulos.*  in  tubercle  bacilli.  Bacteria 
possess  the  capacity  in  a  high  degree  of  accommodating  their  chemical 
composition  to  the  variety  of  soil  in  which  they  arc  growing.  The  same 
xTiriety  of  bacteria  thus  varii'-^  greatly  in  the  quantitative  estimation  of 
its  chemical  constituents.  Kach  variety  yields  proteid  substances  pecu- 
Har  to  itself,  as  shown  in  the  effects  produced  by  animal  inoculation. 
At  present  we  know  but  little  concerning  the  ditTerentiation  of  these 
specific  suKstanees.  This  sulijeet  will  In-  taken  up  in  detail  under 
hwcterial  toxins,  etc.  According  to  Cramer  many  bacteria  contain 
amyloid  siilistances  which  gi\e  a  lilue  reaction  with  iodine.  True  cellu- 
lose has  been  found  in  some  bacteria,  and  also  large  quantities  of  a 
gelatinous  carbohydrate  similar  to  hcmicellulose  have   been  obtained. 


NucHn  is  found  frequently.  The  niiclein  bases— xnnthin,  ^uanin,  and 
adeiiin — have  been  obtained  in  considerable  amounts.  There  is  a 
group  of  bacteria  which  contain  sulphur — viz.,  the  beggiatoa — and  an- 
other group,  the  dadothrix,  is  capable  of  separating  ferric  oxide  from 
water  containing  iron. 

Some  light  has  been  thrown  upon  the  chemical  composition  of  bacteria, 
quantilativelv,  bv  the  studies  of  Cramer,  though  so  far  nnlv  a  few  specie^ 
have  l»een  diontughly  invesligaled.  'Hie  piTceiitage  nf  ualcr  contained 
in  bacteria  grown  on  solid  culture  media,  as  well  as  the  amount  of  ash, 
depends  larf^'ly  on  the  composition  of  llie  media.  Thus  the  bacillus 
prodigiosus  when  grown  on  potato  contains  21.5  per  cent,  of  dry  residue 
and  2.7  per  cent,  of  ash;  when  cultivated  on  turnips  it  contains  12.0  per 
cent,  of  drj"  residue  and  l.U  fiercenl.  of  ash.  IJesides  the  concentration 
of  the  culture,  iU  temperature  and  age  also  influence  the  amount  of 
residue  and  ash  produceil.  The  residue  varies,  moreover,  in  its  com- 
position in  the  same  species  under  the  influence  of  the  culture  media 
employed. 

It  appears  that  an  additional  quantity  of  peptone  in  the  rultun*  media 
tends  to  increase  the  percentage  of  aitrogenous  matter  in  the  bacillus, 
while  the  addition  of  glucose  decreases  it. 

Obemical  Safastances  Necessary  (or  th«  Nutrition  of   Bacteria.  —  The 
majority  of   bacteria  are  easily  cultivated,  hut    there  are   some  for 
which,  with  our  present  knnwle<lgc,  we  arc  unable  to  protluee  conditiona^^ 
suited  for  tlieir  growth.  ^H 

.\11  bacterial  culture  media  must  contain  an  abundance  of  water; 
salts  are  also  itidis|K'nsab!e,  and  Uicre  must  be  organic  material  as  a 
source  of  carlion  and  nitrogen.  The  greater  number  of  important  bac- 
teria and  all  the  pathogenic  sfwcies  thrive  liest  in  media  containing 
albuminoid  substances  and  of  a  slightly  alkaline  reaction  to  litmus. 
The  demands  of  bacteria  in  the  composition  of  the  culture  metiia  vary 
considerably.  There  are  some  sjiecii-s  cif  water  Imcteria,  for  instance, 
which  rerpiire  so  little  organic  iimterial  that  they  will  grow  in  water  that 
has  been  twice  distiiled.  A  certain  sjKrcics  will  grow  abundantly  in 
water  containing  ammonium  carlionate  in  solution  and  no  other  source 
of  carlwu  and  nitrogen.  This  shows  the  power  of  some  bacteria  of  pn» 
during  cell  substance  from  the  simplest  materials— a  power  which 
belongs  to  the  higher  plants  which  obtain  their  nourishment  from  tlie 
air  through  their  chlorophyll  and  the  assistance  of  sunlight.  Few  bac- 
teria, however,  of  any  imimrtance  in  medicine  are  so  easily  satisfied. 
though  there  arc  many  spwies  which  are  able  to  develop  without  the 
presence  of  albumiti  and  in  cotnpHrativrly  .<;Ltuple  culture  media,  such 
as  tlie  culture  liquid  proposed  by  T  'schinsky,  or  the  simpler  one  of  ^'ogea 
and  Fraenkel,  which  eonsisl.s  nf  water,  lOOO;  sodium  chloride,  5; 
neutral  sodium  phosphate,  2:  ammonium  acetate,  C;  and  asparagin,  4. 
In  tlirae  mrdla  many  bneteria  grow  well. 

Wlien  we  consider  in  detail  the  source  of  the  more  important  chemical 
ingretlients  of  bacteria  we  find  that  their  nitrogen  is  most  readily  obtained 
from  difTiisible  albuminoid  material  and  less  easily  from  ammonium 
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cninpoumls.  Their  carbon  tlupj  derive  from  albumin,  peptone,  sugar, 
and  other  allied  carbohydrates ;  glycerin,  fals,  and  other  organic  sub- 
stances. It  is  an  interesting  foot  that  even  compounds  which  in  con- 
siderable concentration  are  extremely  |>oisonous.  ran,  when  in  siinicieni 
.dilution,  provide  the  necessary  carbon;  thus  some  derive  it  from  car- 
'luilic  acid  in  very  dilute  solutions. 

The  value  of  substances  as  a  source  of  nutrition  Is  often  influenced 
by  the  presence  of  other  materials,  as.  for  instance,  the  value  of  asparagin 
is  increased  by  the  presence  of  sugars.  Further,  materials  from  which 
nitrogen  and  carl>on  cannot  be  directly  obtainctl  still  Ix^conie  assimilable 
after  being  subjected  to  the  inHuence  of  bacterial  ferroents.  The  pro- 
found and  diverse  changes  produced  by  the  different  ferments  make  it 
almost  irapossiltle  to  cstfLblish,  except  in  the  most  general  way,  the  nutri- 
tive value  of  any  mixliin-  for  a  large  nimtlier  L»f  liticterla  through  a  simple 
knowledge  of  its  chemical  composition.  The  special  culture  media, 
such  a.s  bouillnn,  bioo<3  scnun,  etc.,  for  the  development  of  bacteria, 
will  be  dealt  with  in  a  later  chapter. 

R«latiOD  of  Bacteria  to  Oxygen. — The  majority  absolutely  require 
oxygen  for  their  growth,  hut  a  consideralile  minority  fail  to  grow 
unless  it  is  exchuled.  A  knowledge  of  tills  latter  fact  we  owe  to  I'as- 
tcur,  who  dinded  bacteria  into  aerobic  and  anaerobic.  Between  these 
two  groups  we  have  those  that  can  grow  either  with  or  without  the  access 
of  oxj'gen. 

Scmie  at  least  of  (he  strict  auaerfibic  bacteria  require  for  the  full  devel- 
opment of  (heir  life  functions  the  presence  of  ferraentable  substances. 
«uch  as  sugars,  from  which  they  obtain  oxygen.  Among  bacteria  can 
be  found  all  gradations  between  those  bacteria  which  develop  only  in 
the  presence  of  oxygen  to  those  which  develop  only  in  its  absence.  In 
so  far  as  for  any  variety  the  amotuit  of  oxygen  present  is  unfavorable 
there  will  l)e  more  or  Ifss  restricliim  in  some  of  tlie  life  processes  of  the.<ie 
bacteria,  such  as  pigment  and  toxin  production,  spore  fonnation,  etc. 
It  has  also  been  found  that  some,  at  least,  of  the  aerobic  bacteria  can 
be  accustomed  to  grow  without  oxj-gen  and  that  some  of  the  anaerobics 
can  lie  accustumed  to  grow  with  it  Free  oxygen  kllU  the  vegetable  forms 
of  the  anaerobic  bacteria  in  a  few  hours,  but  hjiitUy  injures  the  spores. 

Sulphur  an{l  phosphorus  arc  two  important  foodstuffs  required  by 
bacteria.  Either  calcium  or  magnesium  and  sodium  or  potassium  are 
also  usually  reriuired  for  bacterial  growth.  Iron  is  demanded  by  but 
few  varieties,  among  which  is  the  influenza  bacillus. 

When  we  consider  the  more  complex  rnttnre  media,  either  those 
naturally  existing,  such  as  blood  serum,  or  those  created  by  us  for  the 
cultivation  of  bacteria,  we  find,  beyond  the  necessary  amount  of  soluble 
foiHlstufTs,  that  the  relative  proportion  of  each  form  and  the  total  con- 
centration are  of  great  imporlntice.  It  is,  nevertheless,  true  that  very 
wide  dillereiices  can  e.xist  with  but  alight  ctfcct  upon  the  development 
of  many  bacteria,  the  development  of  the  bacteria  usually  ceasing 
through  the  accumulation  of  deleterious  substances  in  the  culture  media 
rather  than  through  food  exhaustion. 
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InflD&ncfl  of  Reaction  of  Media  Qpon  Orawtli.^'I'}ie  reaction  of  the 
nutritive  inedin  is  of  verv  great  importance.  Most  bacteria  grow  best  in 
tbosi.'  that  arc  slightly  alkaline  or  neutral  lo  litmus.  Only  a  few  varieties 
ret|«ire  au  acid  medium,  and  none  of  these  belong  to  the  parasitic  bao 
irria.  An  amount  of  acid  or  alkali  insufficient  lo  prevent  the  develop- 
ment of  bacteiia  may  still  suffice  lo  rob  them  of  some  of  their  moat 
important  functions,  such  as  the  production  of  poison.  'J'he  different 
elTeet  U[>on  t'lusi'ly  atlied  viirielies  of  liacteria  of  a  sliglit  excess  of  acid 
or  alkali  is  somcltutcs  made  use  of  in  separating  those  which  may  be 
closely  allied  in  many  other  respects. 

Influence  of  One  Species  upon  the  Growth  of  Others. — Tlie  influence  of 
one  species  up'm  the  growth  of  luinther,  either  when  the  bacteria  grow 
together  or  follow  one  another,  is  vcn*  marked.  The  development  of 
one  variety  of  bacteria  in  a  medium  causes  that  substance,  in  the  majori^  B 
of  instances,  to  become  less  suitable  for  the  growth  of  other  bacteria.  i 
This  is  due  partly  to  the  impoverishment  of  the  foodstuff,  but  more  to 
the  production  of  chemical  substances  or  enzMues,  whieh  are  antagonistic 
not  only  to  the  growth  of  the  bacteria  producing  them,  hut  to  many 
other  varieties  abo;  less  frequently  the  changes  produced  by  one  variety 
of  Iwicteria  in  the  foodstuff  arc  favorable  for  some  otlier  form.  The 
pueuujucoccu.s  whifh  u.sually  develops  very  tiny  delicate  colonies  upon 
nutrient  agar,  grows  as  luxuriant  succulent  colonies  when  grown  with 
certain  baeitli. 

Temperature  Suitable  for  Qrowth. — For  the  growth  of  bacteria  a  suit- 
able teniperaiure  is  absolutely  requisite.  For  different  varieties  the 
most  faviirnble  tem|K*rature  varies,  but  for  all  a  range  of  al»out  2,5'*  C. 
above  or  Ik-Iow  this  most  favorable  point  covers  the  limits  for  their 
most  vigorous  growth.  Few  bacteria  grow  well  under  \\3°  C.  ami  few 
over  40°  C;  2**  C.  is  about  the  lowest  tcmiKrattm'  that  any  bacteria 
have  been  found  to  grow  au<l  70°  C  the  highest. 

In  many  instances  the  lemperaiure  of  the  soil  in  which  the  bacteria 
are  riepo.sited  is  the  controlling  factor  in  deciding  whether  growth  will 
or  will  not  take  place.  Thus,  nearly  all  parasitic  bacteria  require  a  tem- 
perature near  that  of  the  body  for  their  development,  while  many  sapro- 
phjiic  bncleria  can  grow  only  at  much  lower  teuiperatunrs.  Bacteria 
when  px]«)sed  to  lower  temperature  than  suffiees  for  their  gitiwth,  while 
having  their  aeiivitics  dccreuse<J,  are  not  otherwise  injured  unh-ss  nctuallv 
frozen;  while  exposure  to  higher  temperatui-es  than  allows  of  grou-tn 
destroys  the  life  of  the  l>acteria.  The  relations  of  the  temperature 
to  bacterial  life  and  death  will  be  dealt  %rith  more  fully  in  the  next 
chapter. 


CHAPTER    IV. 

EFFECT  OP  TEMPERAITJRE   UPON  THE  GROW'TH  OP  BACraHlA. 


In  jijtl^ng  the  effect  on  liacterifi  of  heat  as  well  as  otlier  agents  we 
lia%'e  to  noti"  the  important  fact  that  tliffen^nt  sik-pU-s  are  ilifTertTitly 
UiHuenced  by  the  same  aubatauce.  Some  bacteria  live  under  conditions 
which  would  destroy  others,  and  tliey  vary  among  themselves  in  their 
powers  of  resistance  to  influences  wUieli  are  deleterious  to  all. 

Further,  any  species  of  bacteria  will  resist  better  when  under  favor- 
able conditions  than  under  unfavorable  ones.  Bacteria  also  in  recent 
cultures  withstand  injurj-  Iietter  than  those  in  old  cultures,  so  long  as 
they  have  not  entered  into  the  spore  form.  According  to  the  amount  of 
injury  they  have  suiTered,  bacteria  may  be  inhibited  in  some  of  their 
Functions  or  they  may  be  loially  destroyc*!. 

Bacteria  Divided  According  to  the  Temperatures  at  wMch  they  Grow 
Best. — Some  form  of  bacterial  life  is  possible  within  the  limits  of  0**  and 
70^  C.  There  are  some  species,  however,  which  grow  at  the  lower  and 
others  at  the  upper  limit  of  these  temperatures.  The  maximum  and 
minimum  temperature  for  each  indi\*idiBal  species  lies  from  10**  to  HO**  C. 
apart.  Racleria  have  been  classified  according  to  tlie  temperatures  at 
which  they  develop,  as  follows: 

PsTCirROpniLic  BAcrKniA. — Minimum  at  0*  C,  opdtnum  at  15*  to 
20°  C,  maximum  at  about  -^  C.  To  this  class  lielnng  many  of  the 
vatrr  bacteria,  such  as  the  phosphorescent  bacteria  in  sea-water. 

Mksophilic  Bactkki.k.  -Minimum  at  5°  to  26°  C,  optiminn  at 
37**  C,  maximum  at  about  43°  C.  To  this  class  In-long  all  pallio- 
genic  bacteria. 

Thkiuioi'Hilic  Bacteria. — Minimum  at  1^5°  to  45**  C.  optimum  at 
50°  to  .55°  C,  maximum  at  W°  [o  TO'*  C  This  class  inchides  a  nunilier 
of  soil  bacteria  which  are  almost  exclusively  spore-bearing  bacilli.  They 
are  also  fnuml  widely  distrilmted  in  feces. 

By  carefully  elevating  or  rcilucing  the  tem[)eratiirc  the  limits  within 

which  a  variety  of  bacteria  will  grow  can  be  altered.    Thus,  the  anthrax 

bacillus  was  graditally  iiuidc  to  iicconnnodatc  itself  to  a  tcTn|MTaturt»  of 

'42**  C.  and  pigeons,  which  arc  <romparatively  immune  to  anthrax,  partly 

on  account  of  their  high  body  temperature  (42°  C),  when  inoctdated  with 

this  anthrax  succumbed  to  die  infection.    Another  culture  accustomed 

to  a  temperature  of  12°  C.  killed  frogs  kept  at  12°  C.    We  have  culti- 

.vated  a  ver\'  virulent  diphtheria  baciTtiis  so  that  it  will  grow  at  4:)**  C. 

'and  produce  strong  toxin. 

Effect  of  Low  Temperature. — Bacterial  growth  is  retarded  by  tempera- 
tures lower  than  their  uptituuni.  although  the  bacteria  are  nut  otherwise 
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injiiriNl.  Indeed,  it  is  the  usual  eustom  in  laburatories  to  preserve 
baeteria  which  dii*  readily  (such  as  strcptocorci)  by  keeping:  them  in  the 
refrigerator  at  about  4"  to  fi°  <'.,  after  cultivation  for  two  rJays  at  .'iO'*  ('., 
as  a  means  for  retaining  their  niality  without  repeated  transplnntalion. 
Tenip*Tatures  even  far  under  0°  C  are  only  slowly  injuiinus  lo  bacteria, 
dilTen-nt  specit-s  I)eiiig  affected  with  varyitifi  nipidity.  Tins  has  been 
demonstrated  by  nunterous  experiments  in  which  they  have  been  exposed 
for  hours  in  a  iffri^-ratinj;  niixture  al  —  IS**  C-  Tliey  have  even  b(-*en 
subjected  to  a  temj)erature  of  — 175*'  C.  bv  immersing  them  in  liquid 
air  kept  in  an  open  tube  for  two  hours,  and  15  to  80  per  cent,  were  found 
to  still  prow  when  placed  in  favorable  conditions.  We  found  about 
10  per  cent,  of  typhoid  barilli  alive  after  thirty  minutes'  exposure  to 
this  low  temperature.  St«phy!oco«'ci  were  more  resi.^tant.  Spores  were 
9carcfly  killed  at  all. 

Eff«ct  of  High  Temper»ta»B,~-Tera(»erature3  from  5**  to  10°  C.  over 
the  optiuiuni  alTuct  bacteria  injuriously  in  several  rcsi>ects.  Varieties 
are  j)roducetl  of  diininislied  activity  of  growth,  the  virulence  and  the 
property  of  causing  fermentation  are  decreased,  and  the  power  of  spore 
formation  is  gradually  lost.  These  effects  may  predominate  either  in 
one  or  the  other  direction. 

If  the  maximum  temperature  is  exceeded  the  organism  dies;  the 
thermal  death  [joint  for  the  psychrophilic  species  being  about  37°  C, 
for  the  mesopliilic  species  about  -15°  to  55°  ('.,  and  for  the  thermophilic 
species  alwut  75**  C  There  an*  no  non-spore  bearing  bacteria  which 
when  moist  are  able  to  witlistand  a  temperature  of  100°  C.  even  for  a 
few  minutes.  A  long  cxposnn'  to  temperatures  Ix-tween  60®  atid  SO"  C- 
has  tlie  same  result  as  a  shorter  one  at  the  higher  temperatures.  Ten 
minutes'  exposure  to  moist  heat  wilt  at  60°  C.  kill  the  cholera  spirillum, 
the  streptococcus,  tlie  typhoid  bacillus,  and  the  gonococcus,  and  at 
70*  C.  the  staphylococcus,  the  latter  being  among  the  most  resistant 
of  the  pathogenic  organisms  which  have  no  S[>on*s. 

Zffftct  of  Dry  Heat. — When  micm-organisins  in  a  desiicated  condition 
are  exposed  to  the  action  of  heated  dr\'  air  tlie  temperature  retpiired  for 
their  destruction  is  much  above  that  required  when  they  are  in  a  moist 
condition  or  wlien  they  are  exposed  to  the  action  of  hot  water  or  steam. 
A  large  number  of  pathogenic  and  non-pathogenic  species  are  able  to 
occasionally  resist  a  temperature  of  over  100°  ( '.  dry  heat  for  an  hour.  lu 
any  large  nutnber  of  bacteria  a  few  are  always  more  resi.'^tant  than  the 
majority.  A  temfierature  of  1 20°  to  1 30°  C  dry  heat  maintained  for  one 
and  a  hulf  hours  will  destroy  all  bacteria,  in  the  ahsence  of  spores. 

Resistance  of  Spores  to  Heat. — S|«»res  are  far  more  resistant  to  all 
injurious  intluentrs  than  vegetative  fonns.  They  retain  their  power 
of  germinadon  for  years  without  eitlier  nourishment  or  water,  and  are 
much  more  indifferent  to  tlie  action  of  gases  ilian  bacilli,  the  spores  of 
the  anaerobic  species  being  especially  resistant  to  the  action  of  oxygen. 
Spores  possess  a  great  power  of  resistance  to  both  moist  and  drj*  heat. 
Dry  heat  is  comparatively  well  bonie,  many  spores  resisting  a  tempera- 
ture of  over  \'JiO°  (_'.  for  as  long  as  three  hours.    Exposed  to  150°  C.  for 
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one  hour,  practically  all  s[>ores  arc  kitlpd.  Moist  heat  at  a  temperature 
of  100°  C.,  either  boiling  water  or  free-flowing  steam,  destroys  the 
res  of  known  pathogenic  bacteria  within  Hftrfn  minutes;  certain 
on-pathogenic  species,  however,  resist  ttiis  temperature  for  hours.  'I"he 
spores  of  a  bacillus  from  the  soil  required  five  and  a  half  to  six  hours' 
exposure  to  streaming  steam  for  their  destruction.  'I'hey  were  destroyed, 
however,  by  exposure  for  twenty-five  minutes  in  steam  at  113**  to  1  Iti"  C. 
and  in  two  minutes  at  127°  C. 

The  resistance  of  spores  to  moist  heat  is  tested  by  siispeuditig  threads, 
upon  which  tlie  spores  have  been  dried,  in  IwiUug  water  or  steam.  The 
threads  are  removed  from  minute  to  minute  and  laid  upon  agar  or  in 
libroth,  which  is  tlien  placed  at  a  suitable  temjierature. 

Practical  Use  of  Heat  Disinfection. — In  the  practical  application  of 
steam  for  disinfe<-ting  purposes  it  must  be  remembered  that  while  moist 
iteani  under  pressure  is  more  effective  than  streaming  steam  it  is  scarcely 
ne<T3sary  to  give  it  the  preference,  in  view  of  the  fact  that  most  known 
pathogenic  bacteria  produce  no  Sjjores  and  the  spores  of  the  few  that  do 
develop  them  are  quickly  destroyed  by  the  temperature  of  boiling  water, 
and  also  that  "superheated"  steam  is  less  effi-elive  than  moist  steam. 
When  confined  steam  in  pipes  is  "su|>erheated"  after  its  generation  it  has 
about  the  same  germicidal  power  as  hot.  dry  air  at  the  same  temperature. 
Esmarch  found  that  anthrax  spores  were  killed  in  streaming  steam  in 
four  minutes,  but  were  not  killed  in  the  same  time  by  superheated  steam 
at  a  temperatun*  of  114°  C.  It  shoiilii  also  lie  reniemljered  that  dry  heat 
but  little  penetrating  power,  and  that  even  steam  retpiires  time  to 
pass  through  hea\T  goods.  Koeh  and  Wolffhiigel  found  that  registering 
thennometiTs  placed  in  the  interior  of  folded  blankets  and  packaged 
of  various  kinds  did  not  show  a  temperature  capable  of  killing  bacteria 
after  three  hours'  exposure  iu  a  dry  hot-air  oven  at  133°  C.  and  over. 
We  have  often  put  a  piece  of  ice  in  the  middle  of  several  mattresses  and 
recovered  it  after  exposing  the  goods  to  an  atmosphere  of  live  steam  for 
ten  minutes. 

Fraction'al  Sterilization. — Certain  nutrient  media,  such  as  blood- 
serum  and  the  transuilatcs  of  the  body  ravitiea,  hs  well  as  certain  fluid 
foodstuffs,  need  at  times  to  be  sterilized,  and  yet  caimot  be  subjected 
to  temperatures  high  enough  to  kill  apoi-cs  without  suffering  injury. 
The  property  of  spon-s,  when  placed  under  suitable  conditions,  to  germi- 
nate into  the  non-spore  bearing  form,  is  iiere  taken  advantage  of  by 
heating  the  fluids  up  to  55°  to  70**  C.  fur  one  hour  on  each  of  six  con- 
secutive days,  and  keeping  the  fluid  at  about  20°  C.  during  the  inten-ab. 
By  this  means  we  kill,  upon  each  exposure,  all  bacteria  in  the  ^■egetative 
form,  and  allow,  during  the  intervals,  for  the  development  of  any  still 
remaining  in  the  spore  stage,  or  wliieh  have  reproduced  spores,  to 
change  again  into  the  vegetative  form.  Experience  has  shown  that, 
with  but  few  exceptions,  an  exijosure  for  six  consecutive  days  will  com- 
pletely sterilize  the  fluids  so  exposed. 

With  the  usual  cidture  media  a  temperature  of  lOO*  C-  for  tweuQr 
minutes  does  little  or  no  hann  while  one  of  115°  C.  is  deleterious.    With 
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heating  to  100°.  C.  an  exposure  on  three   consecutive  days,  and  to 
115°  C,  one  or  two  suffices. 

Pasteurization. — It  is  sometimes  undesirable  to  expose  food,  such 
as  milk,  to  such  a  temperature  as  will  destroy  spores,  because  of  the 
deleterious  effects  upon  food  values  of  such  high  temperatures,  and  yet 
where  a  partial  destruction  is  necessary.  In  these  cases  we  heat 
the  footlstuffs  for  from  five  to  thirty  minutes  to  such  a  temperature 
(70°  C.)  as  will  kill  most  of  the  bacteria  in  the  vegetative  form,  but 
allow  the  spores  to.  remain  alive.  Even  this  amount  of  sterilization  kills 
about  90  to  98  per  cent,  of  the  bacteria.  The  exposure  to  this  degree 
of  heat  alters  the  chemical  composition  of  the  milk  but  little. 


CHAPTKK   V. 

"THE  MATERIALS  AND  METHODS  USED  IN  THE  CULffVAl 

OF  BACTERIA. 


TiiK  methods  for  tJie  artificial  cultivation  of  bacteria  are  of  fumJa- 
tiieiital  importance  in  liacteriolo^v.  'V\\v  atiuly  of  thf  oharactcrislics 
of  any  bacterimii  recjiiirvs  tlmt  it  be  examined  (frowinjr  apart  from  all 
others.  In  order  to  separate  one  species  fnim  others  and  to  study  its 
morphological,  biochemical,  and  cultural  characteristics  we  have  to 
prepare  a  number  of  sterile,  solid,  and  liquid  media  and  employ  them 
in  various  technirnl  ways.  Uefore  we  can  get  a  suitable  growth  of  any 
special  variety  of  bHCteria,  we  must  have  the  siibsdiiices  necessary  for 
their  growth  present  in  the  proper  proportion  and  concentration.  Dif- 
ferfnt  species  of  bacteria  require  very  difTerent  foodstuffs,  so  that  for 
eacli  kind  the  proper  food  must  be  found  through  experimentation. 

Preparation  of  Cnltnie  Media. ^ — The  most  eomraoiily  used  media  have 
85  their  basis  the  wutery  extract  of  meat  and  peptone.  The  addi- 
tion to  this  by  Koch  of  gelatin  gave  us  a  transparent  solid  medium 
which  had,  however,  the  objection  of  melting;  below  the  temperatiu^ 
required  for  the  growth  of  many  pathogenir  bacteria.  Another  .sub- 
stance of  vegetable  origin  (agar)  was  fouiul,  which  melted  just  lielow  the 
boiling  point  of  water,  'rbi-i  haa  Itoen  substituted  for  gelatin  whenever 
we  desire  to  gn)w  bacteria  at  temperatures  above  20^*  C.  or  desire  other 
charactcrisdcs  of  the  agar  media. 

Prei-ara TirtN  nf  Mt AT  iNFismN. — C)ne  [K>und  (.000  grams)  of  finely 
chopped,  fresh,  lean  meat  is  macerated  in  lOUO  c.c.  of  water  an<i  put  in 
an  ice-t'hest  for  from  eighteen  to  twenty-four  hours;  or  it  may  be  warmed 
«t  a  temperature  not  exceeding  'JO^  C.  for  one  hour.  Any  fat  present  is 
skimmed  off.  The  last  traces  can  be  removed  by  stroking  the  surface 
with  filter-paper.  The  infusion  is  now  slrained  tbitnigh  a  fine  cheese- 
cloth into  a  (lask,  aricJ  the  remaining  meat  placed  in  a  cloth  and  squeezed 
hy  hand  or  in  a  press.  The  resulting  fluid  eoiitains  the  soluble  albumin, 
the  soluble  salts,  extractives,  and  coloring  matter  of  the  uieai.  Tliis 
meat  extract  b  then  exposed  to  live  steam,  eitlier  without  pressure  in  the 
.■Vmold  st<;am  sterilizer  (Fig.  21)  for  thirty  minutes,  or,  if  the  changes 
produced  by  a  temperature  of  \U)°  to  115°  C.  are  not  objectionable,  in 
the  autoclave  at  one  atmosphere  of  pressure  for  fifteen  minutes,  or 
boiled  over  a  free  Hanie  for  ten  minutes.  During  this  process  all  albumins 
are  coagulated.  While  still  hot  the  fluid  is  filtere<l  through  filter-paper 
or  through  abaorlMMit  cotton,  ami  the  reaction  is  tested  nml  sulbeient 
nonnal  hydnjchloric  acid  solution  or  sodium  hvdroxide  added  to  give 
it  the  desireil  reaction,  which  is  for  most  bacteria  sliglitly  alkaline  to 
litmus.     If  in  the  boiling  there  has  Ijcen  any  evaporation,  sutficient 
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water  is  added  to  bring  tiie  fltiid  itp  to  its  original  bulk.  If  the  fluid  I 
clear  it  is  put  into  Hasks  and  iut>e5  and  sterilized;  if  not  clear,  the  white 
of  one  or  twu  egj^  Is  added  to  the  fluid  after  cooling  it  down  to  about 
55°  C  After  thoroughly  mLxing  the  eggs,  the  bouillon  is  boiled  brisklv 
libra  few  minutes,  its  reaction  adjusted,  and  then  again  filtered  and  dis- 
tributed in  Hasks  and  put  in  the  Arnold 
sterilizer  for  one  hour  on  each  of  three 
eoDSCcutivc  da>'s,  or  in  the  autoclave 
for  twenty  minutes  for  sterilization. 
Instead  of  meal  2  to  4  grams  of  Lie- 
lii(:'s  or  some  other  meat  extract  are 
milled  to  each  litre  of  waltr.    For  some 

B       purposes  the  extmet  is  as  good  as  the 

1  Tn'sh  meat,  but  for  others  it  is  inferior. 
This  infusion  contains  vcn.- little  albu- 
minous matter,  and  consists  chiefly  of 
the  soluble  salts  of  the  muscle,  certain 
extractives,  and  any  slight  traces  of 
soluble  proteid  not  coagulated  by  heat. 
It  is  not,  therefore,  a  suitable  metlium 
for  most  bacteria. 

\Vc  use  this  as  a  basis  for  the  fol- 
lowing more  useful  meilia; 

UouiLLOs  Media. — ^These  consist 
of  meat  infusion  plus  certain  sub- 
stances. 

ia)  Peptone  or  Nutrient  Bouillon. — 
This  has  the  com]H>sition:  meat  infu- 
sion, 1000  CO.;  sodium  chloride,  .t  grams;  peptone  (\Yitte),  10  grams. 
Warm  moderately  arul  stir  until  the  ingnNjieuls  arc  dissolved,  tljcn 
boil  for  thirty  minutes  in  the  Arnold  sterilizer  or  the  autoclave  and 
treat  as  in  making  meat  infusion.  For  the  can-fid  study  of  bacteria 
the  exact  reaction  of  the  media  should  be  carefully  determined.  For 
this  purpose  standard  solutions  are  used  with  phenol phtholein  or 
litmus  as  an  indicator.  This  subject  will  l>e  taken  up  in  detail  ai  the 
end  of  the  chapter.  For  water  bacteria  .sodium  chloride  is  omitted  and 
the  reaction  is  made  *r  1  per  cent. 

(6)  SxiQUT  Buuiltoii.— To  the  peptone  broth  after  its  completion  1  to  2 
per  cent,  of  glucose,  lactose,  saccharose,  or  other  sugars  is  added.  No 
roorelwiling  ihiiii  necessary  to  sterilize  should  be  used  after  the  addition 
of  tlie  sugars,  since  they  become  altered  by  heat.  Tem|>eraturfs  higher 
tlian  100'*  C.  should  never  be  employed.  These  media  are  used  to 
determine  the  effect  of  bacteria  upon  the  different  sugars. 

(c)  (flycerin-pcptone  Houillon, — After  filtration,  3  to  3  per  cent,  of 
glycerin  is  added  to  tite  peptone  bouillon  and  the  whole  again  sterilized. 
This  medium  is  used  especially  for  the  growth  of  the  tubercle  barilh. 

{£)  Mannile-peptone  Houillon. — ^This  is  prepared  by  adding  1  per  cejit. 
mannite  to  the  peptone  bouillon.    It  is  used  especially  in  differentiating 
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the  varieties  of  dysenlerv  bacilli,  some  fermenting  mnnnite  and  others 
not.     In  careful  work  llie  liouillon  nuist  he  rendi-retl  siigur  free. 

pKpntNK  SoLiTicN  (Dnnhani'sl. — This  is  a  simple  I  to  2  per  cent, 
sohttion  of  |)optoiie  in  la]>  or  distilloil  water  to  winch  o  per  cent,  of 
sodium  chloride  ia  added.  The  peptone  and  sodium  chloride  are  dis- 
solved by  hearing.  The  fliiifl  is  filtered,  placed  in  tuhes,  and  sterilized. 
'like  reaction  is  .slightly  alkaline  to  htmu.s  and  suitable  for  most  pur- 
pows.    It  can  Ije  altered  or  staiidardi^ced  if  desirtil. 

{d)  Sugar -pejitone  Solulion,  etc. — ^The  various  sugars,  mannite,  inulin, 
and  glye«*rin  are  aiided  to  the  peptone  solution  just  as  previously 
deseril>ed  for  bouillon. 

{hj  Stufnr-jrrv  BnuUhm. — A  t)uantity  of  a  ciiltun'  of  bacillus  eoli  or 
of  bacillus  lactis  aerogenes  is  mlded  to  the  meat  extract  and  incubated 
al  37**  for  tweuty-four  hours.  The  acidity  is  ucutralizcd,  jKptone  and 
salt  added,  and  treated  as  described  under  Iwuillon. 

Gelatin  M»;i3I.\. — These  are  simply  the  foregoing  Iwuillon  and 
peptone  media  to  wliich  gelatin  is  added  as  follows:  'Po  the  houillon 
already  prepared  as  deseril>ed  add  10  per  cent,  of  sheet  gelatin  and 
neutralize.  Add  the  whites  of  two  eggs  for  each  litre,  and  l)oil  for  a  few 
minutes.  Killer,  place  in  tuln's  or  fla.sks,  ami  sterilize.  Instead  of  aild- 
ing  gelatin  to  bouillon  already  prepared,  it  may  be  added  to  the  meat 
infusion  at  the  same  time  the  |K'ptoiie  mid  .lall  wei-e  aildcd  in  preparing 
nutrient  bouillon  as  just  described.  Dilferent  preparations  of  gelatin 
differ  (greatly  as  to  their  melting  point.  Roiling  lowers  the  melting 
|K>int,  so  that  heat  should  not  be  applied  any  longer  than  necessary. 
The  melting  point  of  dift'orent  samples  of  nutrient  g^^latin  varies  between 
20°  to  27°  C.    The  -gold-label"  gelatin  is  employed. 

Agar  Mkoia. — These  are  the  various  Ijouillon  and  pejrtone  me<li& 
to  which  1  to  2  per  cent,  of  agar  are  added.  In  onler  to  lessen  the  effect 
of  heat  on  sugars  simple  nutrient  agar  is  first  prepareti  ami  llieii  the 
su^r  added.  They  are  prepare*.!  by  adding  U*  stock  bouillon  I  or  2 
per  cent.,  as  desinxl,  of  thrca'l  agar,  rneltiug  it  by  placing  over  a  free 
name  or  in  the  autoclave  or  steam  sterilizer,  \\1ien  the  agar  is  brought 
into  solution  over  a  free  flame  tliere  may  be  considerable  loss  of  fluid  by 
c^'ai>oration.  This  should  be  compensated  for  by  adding  additional 
water  before  Ijoiling.  Agar  may  be  added  ilirectly  to  the  meat  infusion 
along  with  the  peptone  and  salt.  Indeed,  this  is  an  advantage,  as  agar- 
agar  is  very  dilhi-ult  to  briug  into  .solution,  and  is  not  injured  in  tlie  least 
by  prolonged  boiling.  The  agar  may  be  adtled  to  water  alone  in  ilouble 
the  amount  finally  di*sired.  To  this  is  added  an  equal  nnantity  of  nu- 
trient broth,  which  is  also  double  its  usual  ylrength.  Glycerin  agar  is 
simply*  nutrient  agar  [>his  3  to  fi  per  cent,  of  glycerin.  It  is  added  to  the 
hot  nutrient  agar  just  previous  to  putting  it  in  the  flasks.  Nutrient  agar 
begins  to  thicken  at  a  fairly  high  temperature,  and  should  lie  liltered  as 
hot  as  [Ktssible.  When  small  anmuiils  are  made  it  is  well  to  place  the 
filter  and  receiving  Hask  in  the  sterilizer  while  filtering. 

Mii.K. — ^This  fluiil  js  a  good  cultun*  medium  for  niost  pathogenic 
bacteria.     It  should  l/c  obUuit:d.>is  fcesh  sis  'Q(>ssibleL.*sd'that  but  litde 
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bactenal  change  has  ocpiirre<I.  It  Is  first  put  in  the  ice-chest  for 
twelve  liniiis  In  nlinw  the  freaiii  to  rise.  The  milk  is  then  siplioiifs^l  uff 
from  b«'low  the  cream  into  a  flask  and  its  reaction  tested.  After  eorrec- 
tioii  it  is  put  in  tulws  or  flasks  utul  ■iiteiilizt'd.  If  add  to  pheuolphllwlein, 
nonnal  stKiium  hydrate  shouUf  l>e  udcie<!  t'l  make  it — 1  per  cent. 

LiTMi's  MrcDiA. — When  it  is  tiesirabk*  to  determine  whether  bacteria 
prtxJiice  in  their  j^>wlh  iiciil  or  alkali  Irnm  nne  or  more  of  the  citnstit-  ^ 
uems  of  the  media  litmus  is  fretpienlly  iitUIed.  To  prepare  the  litmus  W 
sohitinn  take  the  lump  litmus,  powder  finely,  and  boil  with  distilled 
water  so  that  u  saliirated  sohilion  is  obtained.  Kiher  and  then  boil  for 
thirty  minutes  on  tno  suecessive  days.  The  lilnuis  sohilion  is  adiled 
to  the  nentre)  media  in  sulltcient  (niantity  to  pive  the  desireil  <h-pth  «f 
color.  The  less  heating  thai  is  done  after  inixinff  (be  l>eiter  the  results. 
Merck's  purified  litmus  in  1  per  cent,  aqueous  solution  should  bv  used 
in  careful  work. 

I'KTRrsKv's  Ijtmih  Whey  f«a  modified  by  Purham). — Fresh  milk 
is  slightly  wanned  and  clottwl  by  means  of  cs-sence  of  rennet.  'I'he 
whey  is  strained  oif  and  the  clot  is  hung  up  to  drain  in  n  piece  of  muslin. 
The  whey,  which  is  somewhat  turbid,  is  then  cautiously  neutralized 
vn'lh  4  per  cetit.  citric  and  solution,  neutral  litmus  Ix'ing  used  as  an 
indicator.  When  it  gives  a  good  neutral  violet  color  with  the  litmus  it 
is  heated  at  ltH.I°  C  for  one  hour;  tliereby  nearly  the  whole  protcid  is 
coagulated.  It  is  thus  filteretl  clear,  and  iitutral  litmus  is  added  to  a 
convenient  color  for  observation. 

Xkitkai.  Rki). — Thi.s  dye  i.s  added  to  the  peptone  and  bouillon- 
sugar  media  to  the  amount  of  1  [o  5  ^v  cent,  of  a  ^■onoeiitrale<l  solution. 
Its  rcfluction  by  the  growth  of  bnrteria  i.s  a  valuable  point  in  differentia- 
tion. 

NiTHATK  BouiLLfiN.  —  Dissolve  10  grams  of  peptone  in  1  litre  of 
spring  or  tap  water  and  add  0.U2  grauLs  of  |H>tasstum  nitrate  (which 
is  free  of  nitrites).     Thi-^  is  placed  in  test-tubes  lujd  sterilized. 

p{yr.vTOE.s.— Potatoes  are  uscil  for  some  special  purposes.  The 
potatoes  may.  after  thorough  scrubbing  and  removal  of  "eyes,"  be  ^ 
soaked  in  bichloride  of  mercury  (I:1IKXM  for  twenty  minutes,  and  then  H 
sterilizeii  on  three  eon.«tecurive  days  for  one-half  hour  in  the  steam  ster-  " 
ilizcr.  To  u.se  they  arc  cut  in  thick  slices  ntid  put  in  rlei-p  Petri  ilishes. 
For  mon*  caiffid  work  the  potatoes  an'  first  cut  into  prop«'r  sizes  for 
tulx's,  ami  then  soaked  for  twelve  hours  in  nuuiing  water  to  remove  tlie  ^ 
acidity.  H 

Bi.oon  AND  Buion-sF.niM  Mkdia.  («)  Frrxh  BUmi  StnHa. — These 
are  made  by  streaking  sterile  defilirinated  or  fresh  human,  rabliit,  or  other 
blood  over  nutrient  agar  contaiiu'<l  in  tulws  or  dishes.  Sometimes  fresh 
b1o<Kl  is  added  to  Huid  nutrient  agar  at4l)^('.  or  to  Ixniillon  and  a 
mixtui'c  thus  obtaine<(.  Meilia  made  with  fresh  bloml  contains  not  only 
the  htemitglobin,  bnl  also  intact  nil  bloixi  cells.  BInoil  media  ore  used 
for  the  gniwth  of  (he  iidluenza  bacillus,  for  pneuniococci  and  other 
bacteria,  an<t  fi>r.ihc  oljsc^yptioivof  the  reduction  of  the  haemoglobin 
by  the  growtrr.'T)i[i<»eyt#in-V)>ieteria."        ...    .  .      , 
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(ft)  flealrd  Hlood  Mtdia. — The  ctot  contoininp  the  reel  colls,  after  the 
st-|MirHtir.Hi  of  the  scriini.  is  limkrn  up  ami  addfil  id  Iiouilloii  am!  healed 
to  SO**  to  S^f  C.  This  nmki'3  a  ruinldv  fluid  which  is  fitte<l  only  for 
the  devclupiufut  nf  hncieria  where  no  oUservalioii  of  their  growth  is 
re<]uircd. 

IJuMiD-sEnt'M  Mki>ia.  ^V.sriTit*  OK  l*i.EiiUTic  FLriD.— UIowl  scrum 
iDAV  Ik'  slerilizeil  by  fractional  sterilization  and  remain  Hnid,  or  it  may 
be  remlered  solid  hy  the  degree  of  heat  used  in  sterilizing'.  The  hlood 
is  obtaiui'il  from  an  ox,  horse,  sheep,  dog,  or  rulihit  and  eolleeted  into 
jars,  Hasks,  or  tuhes.  When  it  is  to  !«'  iified  in  »  fluid  stale  tt  should  Ije 
drown  in  an  aseptic  manner  intii  a  flnsk  from  n  vein  hy  nieans  of  a 
sterile  cannula  and  rubJu-r  tnlx*.  AMieu  it  is  to  Ik-  solijlified,  less  care  is 
necessary.  It  is  here  sufficient  to  eateh  the  blo<«l  from  the  cut  artery 
or  vein  into  sterile  jars  or  tulx's.  To  facilitate  clottinp  it  is  well  to  have 
in  the  j;ir  or  tulie  snuielhinj;  for  the  clot  to  conlnirt  arotind. 

Loeffltr's  Blood  Serum. — Three  parts  of  a  calf's  or  sheep's  blood  is 
mixerl  with  one  part  of  neutral  peptone  bouillon  containing  1  percent, 
of  ghieose.  Thesenim  niixtniv  is  nm  into  inljes,  which  are  plu^:ed  and 
then  plaee«l  in  a  slanting  position  in  the  serum  inapissator. 

Semni  may  l«*  solidified  and  still  n-nuiin  translucent  at  a  temperature 
of  Tti*'  C,  but  when  heated  to  a  liigher  degree  a  more  definite  coagula- 
tion takes  place,  and  the  mediuni  becomes  opaque.  Care  must  tie 
taken  in  coagulating  blood  serum  at  the  higher  temperature  to  run  the 
temperature  up  slowly,  and  not  to  heat  above  ^5°  (.'.  until  the  .serum 
lias  firmly  Cfiagulated;  for.  unless  these  precautions  are  taken,  ebullition 
is  likely  to  occur,  which  will  Iea<l  to  the  fonnation  of  bubbles  and  an 
unevenness  of  the  surface  upon  which  growth  is  to  be  obtained  and 
studied.    Scrum  nmv  Ih>  soliihtied 

Bt  tlic  temperature  mentioned  in  an  *'"*  ^ 

irirubalor,  WHier-<iveii,  or  even  in 
an  Arnold  sterilizer  with  the  (op 
corercd  by  a  cloth  instead  of  the 
usual  li<),  ami  when  coagulale<l 
firmly  ((tO*C.>  the  iuIh-s  ant)  their 
contents  may,  on  the  following  duy. 
be  sterilizc<l  in  streaming  steam 
at  ltJ(J**  C.  nithout  danger  of  the 
Silhse(|nent  fciniiatinn  of  bubbles. 
Koch's  serum  coiiguhitor  (Fig.  22) 
is,  however,  the  UK«t  convenient 
apparatus.  Some  bacteriologists  prepare  the  tubes  nf  soliditied  scrum 
in  the  autoclave,  gradually  increasing  the  temperature  to  UO''  C.  This 
i.^  u  very  rapid  and  convenient  metho*!.  It  has  seenie*!  to  us,  however, 
tliat  the  high  temjjeratiire  iiijiinii  the  medium  .lioniewlial. 

Aikaiine  Wond  Serum. — To  each  100  c.c.  of  blood  serimi  adtl  1  to  1.5 
c.c.  of  a  10  {XT  r*ent.  solutinti  of  sodiino  hydrate.  Tn'at  as  I^H^lller's 
srnmi-  Tliis  will  give  a  solid,  clear  medium  consisting  chiefly  of  alkali 
albumin. 
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Strum-lfouillon  Media  (Maruiorek's  Media): 

1.  Human  serum,  2  parts;  nutrient  bouillon,  1  part. 

2.  Ascitic  or  pleuritic  fluid,  1  part;  nutrient  bouillon,  2  parts. 

3.  Horse  serum,  1  to  2  parts;  nutrient  bouillon.  1  to  2  parts. 
These  meilla  were  first  use^l  extensively  by  Mnrmorek  in  cultivating 

atreptocooct.  The  ascitic  fluiil  iMiiiillon  has  l)een  found  by  Williauis 
(o  He  of  great  use  in  enriching  cnUurea  of  diphtheria  bacilli.  It  w  also 
the  best  ine<]iuni  f nr  the  growtln  f  pneumoeocci,  strcptocucci,  and  many 
other  pathogenic  bacteria. 

Serum-ioater  Media  (Hiss'  Serum  Media). — When  diluted  with  2  to 
10  parts  of  water,  many  sera  can  be  steamed  without  coagulating. 
Wl.  Ox  serum,  1  part;  distilled  water,  2  parts;  normal  sodium  hydrate, 
0.1  per  cent. 

2.  The  same,  with  inuHn  1  percent,  substituted  forthe  sodium  hydrate. 

For  the  sterilization  of  undiluted  fluid  serum  ami  of  ascitic  and 
pleuritic  fluid.4,  it  is  refpiisite  that  it  ix-  exposed  to  n  temperature  of 
from  62°  to  60°  C.  for  one  hour  on  each  of  six  consecutive  ilays.  Tlie 
best  apparatus  for  obtaining  and  maintaining  this  (em[M*rnture  (about 
6o°  C.)  is  a  small  and  well-regulated  incubator  or  chanilftT  surrounded 
by  a  water  space,  into  which  the  tubes  and  (iasks  containing  scrum  are 
to  be  put  each  dav,  and  in  which  they  are  to  l)e  left  for  the  prescribed 
time  after  having  been  wanneil  to  the  desired  ternperntiire. 

Serum  may  be  preserved  by  placing  it  in  flasks  wbicli.  after  the  addi- 
tion of  5  i>er  cf.iit.  of  ehhmtfonii,  are  .scah^d.  When  it  is  to  be  used  it  is 
filled  into  stt'rilized  culture  (test)  tubes  and  sterilized  by  exactly  the 
same  methods  as  are  employed  in  sterilizing  fresh  serum.  The  chloro- 
form, being  volatile,  tends  to  disappear  at  ordinary  lemijcratun^s,  but 
is  quickly  and  surely  driven  oil  at  the  temperatures  used  in  sterilinng. 

Scrum  may  be  efficiently  sterilized,  when  great  care  ts  used,  by  pass- 
ing it  thmngh  a  well-tesleil  Pasteur  filter,  under  pressure.  When  so 
treated  the  fluid  is  very  clear  and  light-colored. 

Important  media  used  for  spedal  varieties  of  bacteria  will  be  noted 
in  the  chapters  ilevote<l  to  them. 

EoftctJon  of  Culture  Media.— The  reaction  of  media  is  a  matter  of 
the  greatest  importance,  since  slight  variations  will  often  aid  or  inhibit 
tlie  growth  of  bacteria  and  also  pmduce  marked  diiferences  in  the 
microscopic  and  macroscopic  characters  of  a  growth.  Hence  it  is  impor- 
tant to  work  with  media  whose  reaction  is  accurately  known,  so  that 
necessary  variations  or  uniformity  can  afterward  l)e  attained 

Formerlv  it  was  customary  to  use  litmus  as  the  indicator  in  neutral- 
izing media,  adding  normal  soda  or  hydrochloric  acid  solution  until  the 
red  litmus  turned  slightly  blue,  or  the  blue  litmus  just  a  tinge  less  blue. 
This  was  ccmsidered  the  neutral  point.  This  is  still  a  satisfactory  method 
for  those  who  are  only  going  to  cultivate  the  common  pathogenic  bacteria 
for  diagnostic  pur|ioses  or  for  (he  development  of  toxin.  Most  parasitic 
bacteria  which  grow  at  all  on  artificial  culture  media  develop  best  in 
them  when  they  have  a  neutral  or  slightly  alkaline  reaction  to  litmus. 
If  a  certain  alkalinity  is  desired  a  definite  number  of  cubic  centimetres 
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of  nonnal  soda  solution  can  be  added  for  each  litre  of  neutral  media; 
if  an  acidity  is  Hpsired,  normfil  hydrorhloric  acid  sohiiion  is  added. 

Many  bacteriologists  consider  that  litnnis  is  not  delicate  enough  to 
b«;  entln'Iy  SHtisfarlury,  t-sfiefially  whtni  pxperitnents  are  to  lie  reported 
or  exactly  repeated.  This  objection  is  matle  chiefly  by  those  investi- 
gating water  bacteria  who  are  watohlng  cultural  and  hiochemieal  charac- 
teristics in  simple  peptone-beef  media.  For  tiiese  purposes  pheuol- 
phthalcin  has  been  generally  selected.  It  is  of  great  importance  to  re- 
member that  different  indicators  not  only  dilfer  in  delicacy,  but  that  they 
react  diiferently  to  <ltltT«*rent  substances.  A  medium  whicli  is  alkaline  to 
litmus  is  acid  to  phenolphthalein,  showinj^  that  there  are  present  in  such 
me<]ia  substances  |H>ssfSsing  an  acid  clmra'Cter  which  litmus  do^s  not 
^detect.     These  substances  arc  weak  organic  acids  and  urgauic  com- 

lumls,  thciUTticnlly  amphoti'ric,  but  in  which  an  acid  character  pre- 
dominates. Thus,  a  litre  of  bouillon  becomes,  on  the  addition  of  1  per 
cent,  of  peptone,  more  alkaline  to  litmus,  but  decidedly  more  acid  to 
ptienolphthalein ;  100  c.c.  of  water  with  I  per  cent,  of  pepione  is  acid 

pbenolphthalein  to  such  an  extent  that  3.5  c.c.  of  decinormal  NaOH 

required  to  neutralize  it.  To  litmus  it  is  alkaline  and  requires  ^.4  c.c. 
of  decinormal  HCI.  Two  per  cent,  of  peptone  doubles  the  difference. 
The   same  figures  hold    approximately  true  for  peptone    broth.      We 

luhl  find  byprnwing  the  bacteria  just  what  reaction  we  want  for  tiuy 
variety,  and  then  test  the  Huiri  with  pbenolphthalein  or  litmus  as  the 
indicator.  With  prtTisely  .■similar  ingredients  uc  can  then  exactly  re- 
produce at  any  time  in  the  future  the  same  reaction,  but  with  diifercnt 
materials  one  would  again  have  to  study  the  reaction. 

Titration  of  Culturo  Sledii.  —  We  must  have  accurately  standard- 
ized normal  and  decinormal  solutions  of  sodium  hydrate  and  hydro- 
chloric acid;  also  a  0.5  percent,  solution  of  pbenolphthalein  in  ^0  per 
cent,  alcohol  and  a  neutral  1  per  cent,  solution  of  Merck's  litmus. 

Care  should  lie  taken  to  prevent  the  absorption  of  carljon  dioxide  hv 
the  soda  wibitir)n,  by  arranging  that  nit  air  wjiirli  comes  in  contact  with 
the  latter,  either  in  the  stwck  liottle  or  In  the  burette,  shall  first  pass 
through  a  strong  solution  of  so<lium  or  barium  hydrate.  The  arrange- 
ment of  the  apparatus  is  described  in  any  work  on  chemical  analysis. 
The  medium  is  brought  to  the  dcsireil  volume  with  water,  an<l  boiled 
four  minutes  to  expel  the  carl>on  dioxide.  Merlia  are  conimnnly  warm  or 
hot  when  nica,sured,  hence  it  must  be  remembered  that  true  volumes 
e&nnot  be  tlius  obtained;  for  instanec,  a  litre  measured  at,  say,  SlT^  C. 
would  be  only  973  c.c.  if  measured  at  20*  C.  the  temperature  at  wiiich 
litre  flasks  are  calibrated.  Since  many  media  cannot  l>c  cooled  to  20**  C. 
because  of  solidification,  as  in  the  case  of  agar  or  gelatin,  it  is  a  Iw'tter 
plan  when  accuracy  is  important  to  determine  measures  of  volume  by 
weight.  For  this,  place  a  clean,  dr>'  saucepan,  in  which  the  medium  is 
to  be  prepare*],  upon'one  side  of  a  trip  scale,  and  counterbalance  its 
weight  exactly.  The  weight  nf  a  litre  of  bouillon,  gelatin,  or  agar 
having  been  determined  once  for  all,  tlie  necessary  weights  abided  to 
the  weight  of  the  pan  will  give  the  amount  w'hich  the  pan  and  its  con- 


M 


PRISCiPLES  OF  BACTERJOLnr.Y 


tents  must  hnlaiic-e  when  tlit*  volume  is  exactly  one  litrt".  A  porlion  of 
the  mtdiiiin  hnxi^^lit  to  tlu'  vxact  volume  is  then  taken  and  wk>IwI  lo 
room  tempenilLire  i2()°  (\).  or  to  a  p^jinl  a  few  degrees  aimve  soluli6- 
cation.  arul  10  c.c.  withdrawn,  placed  in  a  sinnH  heaker,  M)  c.c.  of  ilis- 
tilled  water  and  l  ^r^  f^f  'hf  iihcii(»ln!ithniein  soluiion  added.     If   the 


1  o.c.  of  the  phciiolphthaieiii  soluiion  added.     If   th 
niwiium  is  aeid  the  ^  NaOIl  sulnlion  is  then  niii  in  eauTinusIy  until  a 
pale  but  derirled  pink  eolor  is  obtained.      I  he  nurnlier  of  cubic  centi- 
metie-s  iif  the  solution   nsed.  multiplied   hv  ten,  will  give  the  number 
of  pubie  c-entimt'tres  of  iionnal  sodium  hydrate  per  litre  iietvssar^'  to 
effect  complete  aeutmlizatiuu.     The  tjuestion  as  to  what  is  the  l»est 
reaction  of  media  for  peiieral  work  is  not  an  easy  one  to  settle,  and 
om  on  whieh  hactiTii>lopsls  differ.    What  is  the  proper  reaction  for  one 
variety  of  liacleria  is  often  far  fnjin   the   l»esl   for  snme  other   vHnely. 
Ueaetions  are  now  coinnionly  expressed    by  plus    or    min\is  sijrns.  the 
fonner  reprtrsentiug  an  acid  and  the  latter  an   alkaline  condition,  the    J 
nunilwr  follouing  the  sign  representintr  the  percentage*  of  normal  acid    ■ 
or  alkaU  pn-secit   in  the  niediimi.    Thus,  4- 1.5  would  indicate  that  the 
medium  contained  1.5  jwrta  per  UK)  or  I  ..5  percent,  of  free  normal  acid. 
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while — \S>  would   indicate  that  the  medium  contained  an  **f|uivalent 

quanlity  of  five  alkali.     The  commtlteeof  the  Anicricnn  I'ublic  Ilealtli 

Association  in  L8f>S  adopted  a  niedlnin    whose    litrt*   was    ^1.5  as  the 

best  for  ifciicral  work  in  water  examinations.    In  IflOf)  this  was  changed 

to  -h  l.t)  per  cent.     A  medium  wbow  it-artion  is  +0.o  jjer  eent.  acid  to 

phcnolpbthiilfin  isstill  Ix'tier  adapted  fur  many  Imrtcria.     It  cannot  !«• 

too  siroiifily  iiiiprcsw-d  ii|mn  ibe  reader  that  whatever  the  n-aciion,  its 

measure  .should    he  stated   in   all  descriptions  of  cultural  characters. 

The  litmus  solution  is  added  in  the  same  way  as  that  of  plienolphthalein. 

Styr&ge  of  Media,— The  nutrient  nu-diu  are  stem!  in  glass  (tasks  (Fig. 

^•J)-    From  these,  as  nccileil.  k'uss  tulies  an-  tilled.    Wlien  small  amounts 

°*  oiCfJj'«  an-  taken  fre<|uently  from  flasks.  Pnstcnr's  tlasks  (Fig.  24)  are 

'*'  Rn^a  t    convenience.     'J'hey  consist  of  a  fla.'ik  with  a  pn]mid-glass  neck, 

f>ver  H|:»ieh  fits  a  cap.    This  cap  may  or  may  not  tenuinatc,  as  de^red, 

"J  *  Htm.  «-row  tul»e,  which  is  plupr^d  with  cotton.     The  cap  keeps  the 

As**  r»  :0^    the  flask  free  from  bacteria  and   prevents  the  cotton   from 


I 


CVLTIVATIOX  OF  BACTERIA 


55 


stirking.     A  liinihlrrora  simple  ca[yof  pajx-r  over  tlif  iiwk  answers 
much  the  same  puqxise. 

Prepantioa  and  Filling  of  Tubes. — The  rhrapi-r  pradfs  of  trsi-mlK'S 
sliuiiKI  bt'  avoitk'd.  Tlu-v  are  thin  ami  hrcak  easily,  and  also  fruqut'iitly 
fn>si  on  licutiiig  from  the  svparation  of  silicic  acid.  The  tuhcs  of  the 
Ix-tter  cla^is  can  l>e  usetl  aft«!r  rinsing  with  lint  water;  cheap  tiilws  are 
very  alkaline  and  must  first  Ih;  soaked  in  dilute  hydroohioric  acid. 

C'l.EAN.si.N'C  AND  Steuii.ization  OF  Ai'I'aratis.— In  order  to  stmly 
luii'teria,  Uttli  in  culture  nicilia  and  in  the  living  Iji>dy,  we  must,  as 
already  stated,  sepnrale  those  developcf!  from  one  organism  from  all 
Others  and  study  tlicni  hy  tlicniselves  in  pun.'  eultun-s.  lit  order  lu  do 
this  we  have  to  take  the  greatest  precautions  to  ensure  that  the  materials 
that  we  make  use  of  for  the  growth  of  hacteria.  the  (lasks  and  tiiln'S  that 
hold  these  materials,  and  the  instruments  with  which  we  transfer  the 
bacteria  are  sterile.  In  JKieteriological  work  sterilization  is  practically 
always  done  by  means  of  dry  and  moist  heal,  for  no  anti-wplic  sub- 
stances can  Ix-  alloweil  to  remain  in  any  of  the  media  used  for  the 
growth  of  bacteria  or  on  any  of  llir  apjmratus  which  would  come  in 
omtai't  with  tlicni,  as  such  snltstances  wiiuM  inhibit  (he  gniwth  of  the 
bacteria  which  we  desired  tn  sturly. 

The  platinum  wires  and  loops  ii3C(i  in  transferring  bacteria  are  ster- 
ilized by  holding  them  for  a  moment  until  red-hot  in  a  gas  or  alcohol 
fiatne.  They  should  not  lie  u.scd  until  time  enough  has  elapsed  for  them 
to  cool  sufficiently  not  to  injure  the  Ijiuteria  touched  by  them.  Knive.s, 
instruments,  etc..  are,  after  thorougli  cleansing,  placed  in  Iwiling  1  per 
cent,  soda  solution  for  three  to  five  minutes.  Il^'poderinic  needles  are 
sterili/cd  by  Iwiling  in  soda  solution,  or,  when  this  is  inipussible,  they 
are  first  frequently  rinseil  with  boiling  or  with  very  hot  water,  and  then 
fitleij  with  a  .0  [M-rcent.  carbulie  aci'l  solu- 
tion for  at  least  thirty  minutes  and  then 
rinsed  again  with  sterile  water.  New  tulies 
and  flasks  sometimes  ret|ui!v  to  Im'  washed 
in  a  2  per  cent,  solution  of  nitric  ac'ui,  so 
as  to  remove  any  frei*  alkali  which  may  he 
present.  They  are  finally  thomuglily  riii.sitl 
in  purt»  water.  f>ld  tulses,  flnstis.  ami  other 
glassware  are  Iwilcd  foral)out  thirty  minutes 
in  a  .'i  ()er  ci-nt.  solution  of  washing  soda. 
and  then  ihorouglJy  rinsed  oil  with  water 
until  perfectly  clean.  If  necessary,  any  dirt 
clinging  to  the  insides  of  the  flasks  and  tubes 
can  be  removed  hy  bri.siU-  briLshes  or  suit- 

»b\e  swabs.  After  the  tubes  and  fla.sks  have  hwn  thoroughly  cleaned 
thev  are  plugged  loosely  with  onlinary  eotUm-batting,  or,  if  that  is  not 
«l  hand,  the  more  expensive  alworljent  cotton.  The  tuljes  and  flasks 
with  their  cotton  plugs  and  till  other  glassware  are  sterilized  by  dry 
beat  at  150®  C  for  one  hour  in  the  dry-beat  sterilizer  (Fig.  2o). 
The  stcn'le  (iibes  and  flasks  are  filled  with  the  media,  when  small 
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quantities  arv  used,  by  means  of  a  glass  funnel.  The  main  prpcaiition 
to  \>v  observed  is  not  to  let  the  media  soil  (lie  neck  of  the  tubes  and  flasks, 
as  this  would  cause  the  fibres  of  the  entlon  plugs  to  adhere  to  the  sides 
of  the  liihts  when  the  lucdia  dried,  ami  make  it  difiieult  to  remove 
the  pbigs  wholly  when  we  wished  to  inoculate  the  contents  of  the 
tubes. 

The  tubes  ami  flasks,  pliigge<l  with  sterile  cotton  and  full  of  media, 
are  put  in  the  steam  stfritizer  for  one-half  hour  on  three  consecutive 
days,  or  in  the  nutoelavc  for  fifteen  iniiiviks  for  two  consecutive  days. 
A  portion  of  the  tuhes  cnntainini;  niiirient  agar  are  laid  in  a  slanted 
position  before  eoolinp,  ufter  the  final  sterilization,  so  thai  a  larp-r  sur- 
face may  be  obtaineti. 

THE  OULTIVATIOK  07  BACTERIA. 

Bacteria  can  seldom  be  identified  bv  their  nucrosropic  and  staining 
characteririlics  alone.  We  can  only  .study  (heir  forms,  arrangement,  and 
motility  or  lack  of  motilitv.  To  go  l»eynnd  this  we  have  to  grow  the 
niirro-organisni  Id  pure  4-ullure  or  the  varinns  cullnre  media  and  per- 
haps also  in  animals,  It  is  necessary,  also,  to  havt-  the  projxrr  conditions 
as  to  temperature,  moisture,  access  of  oxygen,  etc. 

A\Ticu  we  make  cultures  from  any  material,  we  are  very  apt  to  ftnd 
that  insteail  of  one  variety  of  bacteria  only  there  are  a  number  present. 
If  such  material  is  place<l  in  fluid  media  contained  in  test-tubes,  we  find 
that  the  different  varieties  all  grow  together  and  lieeome  hopelessly 
mi.\ed.  When,  on  the  other  hand,  the  bacteria  are  placed  on  solid 
media  they  ilevelop  about  the  .spot  where  they  were  inoculated.  If  dif- 
ferent varieties,  hnwrver.  are  plnretl  too  near  tcigi-ther,  they  overgrow 
one  another;  it  is  tliu.s.  advi.sable  to  have  a  greater  surface  of  nutrient 
material  than  is  given  on  the  slanted  surface  of  nutrient  agar  or  blood- 
serum  contained  in  tcsl-tulx's.  This  need  is  met  by  pouring  the  media 
while  warm  on  flat,  cool,  glass  plates  or  into  shallow  dishes. 

Tvchniqae  of  HCaking  Pl&te  Cultures. — In  making  plate  cultures  two 
methods  are  carriefl  out.  In  the  first  the  material  wjtli  its  con- 
tained bacteria  is  seatlet'eil  throughout  the  Huid  before  it  hardens;  in 
the  second  it  is  slreakeil  over  the  surface  of  the  medium  after  it  haa 
S(j|i<liHetl.  Nutrient  agar  and  nutrient  gelatin,  tlie  two  substances  used 
for  plate  cultures,  dittt-r  in  two  c.'wi'ntial  points,  which  cause  .some  differ- 
i-nce  in  their  uses.  Nutrient  1  per  cent,  agar  melts  near  the  t>niling 
|)oint  and  l)egins  to  thicken  at  about  3G*  C  It  is  not  liquefied  by  bac- 
terial ferments.  Nutrient  10  per  cent,  gelatin  melts  according  to  the 
variety  used,  ut  the  low  temperature  of  about  23°  to  27°  C,  and  solidifies 
at  a  point  slightly  below  that.  It  is  liquefied  by  many  bacterial  fenuents. 
When  xvo  wish  to  inoculate  iluid  nutrient  agar  for  plate  cultures  we  have 
to  take  great  care  that  in  cooling  it  to  a  point  which  will  not  injure  the 
bacteria,  nlH)ut  41*  C.  we  do  not  allow  it  to  cool  too  much  and  thus 
solidify  and  prevent  our  pouring  it  into  the  plates.  To  prevent  this, 
when  a  numlier  of  tulM'S  are  to  be  inoculated,  they  are  placed  while  still 
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hot  in  a  basin  of  water  which  has  licen  heate<l  lo  altout  45**  C 
When  the  tem|jerature  of  the  agar  in  the  tiilies,  as  shown  hy  a  iher- 
monieter  in  one,  has  fallen  to  42*^  C,  the  water,  milk,  fifes,  Imeterial  cul- 
ture, nr  other  substance  to  be  tested  is  aJdciI  la  the  other  tiiU'S  in  what- 
ever c|uantity  is  thought  to  be  pro|x;r  up  to  1  c.c.  A  greater  quantity 
of  fluid  would  dilute  and  cool  the  nutrient  agar  too 
much.  After  inoculation  the  contents  of  the  tubes 
arc  thoroughly  shaken  and  poured  out  quickly  into 
round,  flat-boltomed,  glass  Petri  dishes  i  l"ig.  26), 

e  covers  of  which  are   removed  for   the  required 

me    only.     Instead  of  placing  tlie   .-iubslai.ec  in 

e  tiil,>e  it  b  often  placed  directly  in  the  Petri 
dish.  The  nielte<l  nutrient  gelatin  or  agar  is  thus  poured  over  it 
and  by  gently  tipping  the  dish  mixed  with  it.  The  bacteria  are  now 
scattered  throughout  the  fluid,  and  as  it  quickly  solidifies  they  are  fixed 
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wherever  they  happen  in  he,  anil  thus  as  each  iiuUvidual  multiplies 
clusters  are  fonneil  about  it  at  thf  spot  where  it  was  fixed  at  the  nionienl 
of  solidification.  The  numWr  of  colonies  of  bacteria  {Fig.  27)  thus 
indicate  to  us  roughly  the  numlier  of  living  bacteria  in  the  quantity 
of  Huid  add<-d  to  the  liquid  agar.  Clrnups  or  chains  of  bacteria 
which  in  spile  of  shaking  remain  attached  protluce  single  colonies. 
Nutrient  gelatin  is  uscfl  exactly  as  agjir,  except  thai  as  the  average 
product  does  not  eongi-al  until  cooled  below  22°  C.  we  have  no  fear 
its  cooling  too  rapiitly.  In  order  nut  otily  to  CH.>unt  tlie  number  of 
>lonies  which  develop,  but  also  to  obtain  a  characteristic'growth,  it  is 
desirable  not  to  have  them  too  near  together. 
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Dilation  Methods. — ^As  it  is  impossible  to  knov  the  number  of  l>ac- 
teria  in  any  suspcctoil  Htiiit.  it  is  usual  to  make  a  set  of  four  different 
plates,  to  earh  of  which  a  difTcrenl  ainoutit  of  material  is  addeil.  so  that 
some  one  of  the  four  will  have  thr  rei|iiireil  nmnlier  of  polonies.  The 
ditulions  are  i)i»ile  in  sterile  ilislillril  water  or  hiiuillon.  In  llii*  first  tulie 
we  pliwf  an  amount  which  we  Ijelieve  will  surely  contain  sufficient 
and  probably  too  many  bacteria.  To  the  seoonil  tube  we  add  10  per 
cent,  of  the  amount  added  to  tJie  first,  and  to  the  third  10  per  cent. 
of  the  second,  and  \o  the  fourth  10  per  cent,  of  the  third.  Thus,  if  the 
first  contained  (i<),l>U(J  colonics  the  .second  would  have  (j(XX)  (Fig.  27), 
the  third  WK).  and  the  founh  (i(>.  If,  on  the  other  hand,  the  first  con- 
tained but  ttO,  the  second  would  have  olmut  fi,  and  the  remaining  two 
xvoulrl  probably  contaiik  none  at  all.  When  there  are  nioiiy  coKuiies 
present  the  (lishes  are  covered  bv  a  gla-ss  plate  {Fip.  29),  ruled  In  larger 
and  smaller  sipmres.  \Vi)ltThiiger.s  apparatus.  With  tlie  eye  or  airled  by 
a  hand  lens  the  colonies  in  a  certain  number  of  3(]Liares  are  counted 
and  then  the  numl»er  for  the  whole  contents  estimated. 
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Wlien  the  material  to  lie  tested  is  crowded  with  bacteria  it  b  often 
best  to  make  an  emulsion  of  a  portion  of  it,  and  use  this  rather  than 
the  original  substance  for  making  the  dilutions  to  be  used.  Measured 
(juantities  of  the  diluted  material  can  be  transferred  most  accurately 
tlirougb  a  sterilized.  h>ng,  glass  pipette  grmiuated  in  one  one-hundredth 
cubic  rentlinetrp.s,  or,  more  rougbly,  by  a  philinum  loop  of  known  size. 

The  inilrient  agar-agfn-  is  fnM|nentty  usiil  In  a  iliffereni  manner. 
About  8  c.c.  are  poured  into  the  Petri  dish  and  allowed  to  harden. 
The  substance  to  Ijc  testetl  bacleriologically,  or  a  tlitutitm  of  it,  is  then 
drawn  across  the  medium  in  a  scries  of  parullel  streaks  by  uicuns  of  a 
plaliniun  loop  lightly  over  its  surface.  Rach  successive  stn-ak  is  made 
with  the  same  needle  or  loop  without  replenishing  the  material  to  be 
tested.  Kach  streak  will  therefore  leave  less  deposit  of  bacteria  and 
fewer  colonies  will  develop.  UTule  in  the  former  method  most  of  ibe 
bacteria  dcvelnpeti  under  tlie  surface,  here  all  develop  upon  it.    'lliis 
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is  an  advfiDtagr,  as  many  forms  of  bacteria  develop  inort'  charncter- 
uttically  on  die  surface  Uian  in  ttie  midst  of  the  media,  ami  il  is  easier 
to  remove  them  free  from  other  bacteria  uith  the  plniiiium  neeille. 
Insteail  of  streaking  the  material  by  means  of  the  platintiin  wire  over 
ihrf  agnr,  a  loopful  mav  lie  depo.siteil  on  the  agar  atnl  then  siiiearetl  over 
its  siirfaee  by  a  sterile  swab  or  Jjent  glass  rod.  'I'he  method  of  using 
glass  plates  u|M>n  a  cooling  stagt?  has  now  btn-n  praetieally  given  up  for 
the  mnre  eonvenient  one  of  Petri  dishes.  Tn  warm  w^-ather  t!ie  illslies 
may  be  cookd  before  using,  so  as  to  harden  quickly  the  ftgar  or  gelatin 
that  is  poured  into  them. 

An  old  methoii.  which  is  still  sometimes  usetl  to  fimi  the  numl>er  of 
living  l>acteria,  is,  ii»stead  of  pouring  out  the  media  which  has  tn-en 
inoeuIalMl,  to  congeal  it  on  the  sides  of  the  lest-tulw-s.  This  is  lM*st 
done  bv  laving  the  iul>e  flat  on  Its  side  on  a  cuke  of  ice  anil  mtating  it. 
TuIm's  curne  esjiei-iitlly  formed  for  this  by  having  a  .slight  neck,  which 
prevents  the  media  running  up  to  the  plnggeil  end  of  the  tulw.  This 
methiti],  Rsmareh's.  is  used  i>nly  when  the  Petri  dishes  are  not  obliiin- 
alile  or  caiuiol  ensilv  be  lr:uisporli'<l. 

Stady  of  Oolonies  in  Plate  Oultnres  in  Kntrient  Agar. — The  plates 
should  lie  renionKl  after  twelve  to  twenty-four  hours'  growth  at  blood 
temperature  and  after  one  to  three  davs  at  ~i)°  F.  (21°  (.'.).  The 
special  lime  allowed  varies  uccording  to  the  rapidity  of  the  gniwth  of 
the  varieties  developing;  thus,  bactr-ria.  sucli  as  the  sliTptoeoeci  and 
inHuenza  bacilli,  R'ach  the  characterislic  rlevelopment  of  their  colonies 
in  from  ten  to  sixtiH'u  hours,  while  others  continue  to  spn*ad  for  several 
days.  If  we  wait  tiMj  long  where  numerons  varieties  of  Imcteria  are 
growing  the  colonies  of  heavier  gro^vth  may  cover  up  the  finer  and 
more  delicate  ones.  .\s  a  rnle,  the  youngi-r  cohmic.s  an'  more  charao 
teristic,  except  where  the  licvelopment  of  pigment  is  sought. 

The  colonies  arc  first  examined  with  the  eye  (Kg,  27),  then  with 
magniRcatinn  of  alx>iit  00  diameters  (Fig-s.  3(1  to  35),  and  then  again, 
if  neressarj',  at  fnmi  llK)  to  .'iCiO  diameters  (Fig.  44).  We  note  every- 
thing we  can  abinit  them,  sm-h  as  tlu-ir  size,  siirfai-e  I'li-vation.  fonu, 
internal  stnicture,  edges,  and  optical  characters.  If  grown  in  gelatin, 
whether  they  have  or  have  not  causetl  iitjuefaction.  TTic  accompanying 
schematic  representations  frf»m  Ijchman  and  Xeumann  [Figs.  -iG  to  43) 
illustrate  some  of  these  points. 

At  the  higher  magnification  we  begin  to  detect  the  individual  bac- 
teria 'Fig.  44).  After  studnng  the  rolnnies  we  remove  a  few  of  (he 
bacteria  from  cue  or  more  of  them  by  toncliing  them  with  the  tip  of  a 
sterile  platinum  needle  (Fig.  4.i).  and  thus  tmnsfer  ihem  to  a  cover- 
glass  for  nn'croscin)ii:-  examination,  or  to  new  int-dia  where  they  may 
develop  in  pure  cultuif-s  uml  show  their  growth  characteri-stics. 

Hanging;  Block  Cultures.  —  in  ortler  to  study  the  morphology  and 
manner  of  multiplication  of  bacteria  to  better  advantage  than  in 
tlie  hanging  drop.  Hill  devised  the  following  procedure:  Melted 
nutrient  agar  Is  poured  into  a  Petri  dish  to  a  <iepth  of  about  one-eighth 
to  oneH^uarter  of  an  inch.    \Yhen  cool  a  block  is  cut  out  about  one- 


Pio.il.—Cokuues  circular  In  (bnn,  wmpooed  at  rsdiailnK  ilirtKilt. 

Flo.  13:— PotnniH  witb  opai|iie  centre*,  uith  a  tliln  tvirtler  frln^ 

Fid,  43.— Colouyal>owlD|[K  network  or  t b mute  w blob  lsUilck«rln  noire. 

H  ami  tlie  cover-glass.     After  drying  in  the  incubator  for  five  minutes 
it  is  placed  over  a  holKiw  slide  hthI  .sealed  with  paraffin. 

Ill  using  iiutricTit  gt'latin  one  must  alwa^'S  renifinl«T  not  to  allow  it 
stay  wheiv  tin*  leiiijtcralnre  is  over  20**  C,  for  if  that  lm|i|)cns  the 
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media  as  a  rule  will  melt; 
nor  tmist  the  liquefying  col- 
onies he  alloweci  to  grow  for 
i(K)  long  a  time,  or  the  entire 
iiieilm  nil!  hecome  fluid. 

Pure  Onlttues.  —  If  we 
transfer  widiniit  rnnlaniinti- 
ti'iii  bacteria  from  a  colony 
fonucil  from  a  sinfjle  organ- 
ism to  new  media,  and  these 
grow,  we  have  what  we  call 
a  pure  nillurr  of  that  variety. 
VMien  these  are  transferred  to  the  solid  media  we  call  the  growth -which 
takes  plan-  fnini  siiieariiig  tlie  Imeleria  over  the  surface  a  surface  or 
sniear  culture,  ami  that  formed  In  the  depth  of  the  media  by  plunging 
the  iie<,f  lie  currying  the  bacteria  into  !t  a  stab  culture  (Figs.  46  and  47). 
In  transferring  bacteria  from  one  tube  to  another  we  slant  the  tubes 
so  thai  no  ihist  may  fall  within  ami  contaniinute  with  other  bacteria 
the  special  variety  we  wish  to  transplant.  The  greatest  care  must  be  _ 
tftken  that  the  sterilized  platinum  ner<lle  used  to  transfer  the  bacteria  fl 
is  not  infected  by  touching  any  non-sterile  matter.  The  upper  riui 
of  cuhun*  mU'*.  should  be  pa-s-^e^l  (hmugh  the  flame  .so  a.s  to  destroy 
any  Imcteriu  resting  there.  Even  with  our  utmost  care  bacteria  will 
from  time  to  time  pass  from  the  airoreilgesof  our  tubes  into  tlie  culture 
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media,  and  thus  possibility  of  contaniiiiadon  must  always  be  kept  in 
mind.  When  it  occurs  upon  solid  media  wr,  as  a  nilr.  easily  detect  it, 
for  wf  notiff  tlic  g^rowtli  at  stum*  point  nf  bactt-ria  of  difffrent  colony 
characteristics;  but  in  Huid  meilia,  on  accfjuut  of  the  complete  mingling 
of  the  baLTteria,  we  arc  not  su  apt  to  noliee  the  aiUUlional  growth. 

The  StrDY  of  Pure  Ciltlres  is  Tubed  Media. — A  few  jwints 
of  the  many  wlijch  should  be  observed  arc  the  following: 

Gelatin  stab  culture.*;. 

A.  Non-1  iquefjing. 

Line  of  puncture. 

Filiform,  unifonn  growth,  without  special  characters. 
Uemled,  fonsisliii;;  of  ItHMcJy  placed,  disjointed  colonies. 
Arlmrcscctil,  bn»iichei[,  or  tn-e-like. 
Some  of  these  points  are  illustrated  in  Fig.  47,  sketched  by  Chester. 

B.  liquefying. 

Crateriform,  a  saucer-shaped  liquefaction  of  tlie  gelatin. 
.Saccate,  shape  of  an  elongated  sac,  tubular  (Fig.  40*. 
Statiform,  liquefaction  extending  to  the  walls  of  the  tube. 
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Nutrient  agar  tnlie  cultures  give  fewer  points  for  obserx'ation,  but 
sbouKI  l>e  studied  in  the  same  way.  Tlie  agar  in  the  lulx's  is  usually 
stanleiH  and  the  culture  growth  is  not  only  in  Ihc  stab.  I»ut  along  the 
strciiki-il  surface.    The  characteristics  of  each  should  U*  notice*]. 
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Apparatus  for  Obtaining  a  Snitable  Tdmperatiir«  tor  tb«  Growth  of  Bac- 
teria. iNcruAToits,— In  ortler  to  have  a  constant  and  proper  terapi^r- 
ature  for  the  growtli  of  hactcria,  forms  of  ajiparatus  c-iilled  incubators 
have  Ix'i'U  devised  (Fijf.  -iS).  Tbesf  consist,  in  their  simplest  fonn.  of 
an  inner  air  cliaraber  surmunded  bv  a  double  copper  wait  containing 
water.  The  apparatus  cxtcriially  is  lined  with  aslx'Stns,  to  prevent  radia* 
tion.  It  is  supplied  with  doors  and  with  opening*  for  themiometPts 
and  a  thermorcfiulator.  'Hie  thcmioreiyulators  are  of  various  kinds; 
those  in  most  use  dejH'nd  upon  ilie  c.xpansior]  or  contraetion  of  the 
fluid  in  the  bulb  --1  (Vi^.  49),  which  rests  within  the  water-jacket,  to 
lessen  or  increase  tlie  spaci*  Ijetween  the  surface  of  the  mercury  li 
and  the  Inner  tube  D,  thus  allowing  of  the  passage  of  a  greater  or  less 
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quantitity  of  gas  to  the  burner  through  the  tube  D.  Other  fonns 
depend  upon  the  contraction  or  expansion  of  metal,  or  the  use  of  the 
electric  current  to  control  the  fli>w  nf  the  gas. 

The  temperatiM-e  in  (lie  air  clianilxT  Is  kept  alx)ve  that  of  Ihc  sur- 
rounding air  by  means  of  a  >ias  flame  regulated  as  almve  described, 
or,  when  that  cannot  In?  obtHiiie<l,  a  lamp. 

The  temperature  is  reduced  by  passing  a  stream  of  cool  water  through 
the  water  chnrnlMT,  which  is  itself  regulated.  When  very  accurate 
investigations  ai-c  ((>  Ix-  made  a  gas-pressure  regulator  is  ad<led  to  the 
thermoregidator,  Incubators  are  also  both  warmed  and  regulated 
by  electricity. 

In  emergencies  a  culture  may  be  developed  at  the  blood  tempera- 
ture by  placing  it  in  water  contained  in  a  small  vessel,  which  itself 
is^containcd  in  a  larger  vessel,  also  fdted.    By  adding  a  little  bot  water 


CULTIVATION  OF  BACTERIA 


65 


from  time  to  lime  to  the  outer  vessel  the  temperature  can  readily  be 
kept  between  34°  and  38°  C,  which  is  sufficiently  uniform  for  bacteria 
such  as  the  diphtheria  bacilli  to  rtow. 

.\s  A  teinpirrury  i-x|>e(lifnt  during  the  nighl,  when  haste  is  necessary, 
it  is  pussible,  when  the  euIlLire  medium  is  solid  and  within  a  strfjuj^ 
glass  (uIm?  nr  nn-lal  east*,  Ut  nmke  use  of  the  Iiody  iical  by  pntting  it 
under  tlie  elolhirig  next  to  the  Ijody  or  sleeping  upon  it.  Naturally, 
this  should  only  be  done  when  other  means  fail.  Several  times,  when 
in  the  country-,  this  method  has  enabled  the  writer  to  obtain  a  growth 
of  diphtheria  bacilli  over  night,  and  thus  get  im|)ortant  information, 
when  otherwise  it  wonld  have  bjecn  impossible. 

BCethods  for  Obtaining'  Anaerobic  Oonditiona  for  Bacteria. — I'asteur 
excluded  tlie  oxvf^eti  bv  pouring  a  laver  of  nil  on  the  culture  fluid.  A 
simple  flence  is  that  of  Koeh,  who  jilaced  a  iliin  strip  of  sterile  mica 
upon  the  still  fluid  ugnr  or  gelatin  in  the  Petri  dish,  which  Imd  already 
been  ini>culated.  After  tlie  snlidiHeation  of  the  media  the  portion 
under  the  mica  is  excluded  from  the  air  and  auat'rubic  growth  can 
develop. 

A  second  simple  method  (Liborius)  is  to  fill  the  tubes  with  media 
fuller  than  usual  and  to  inoculate  the  bacteria  deep  down  to  near 
the  lH)ttom  of  the  tul>es  while  the  media  are  still  semisolid.  An 
anaerobic  growth  will  take  place  in  (he  lower  part  of  the  tulie.  In  a 
similar  way  the  closed  ami  of  the  fermentation  tube  will  suffice  for 
anaerobic  growth,  if  the  o|ieniiig  connecting  it  with  the  open  bulb  is 
(|uite  small.  Wright  ileviseel  the  following  procedure:  A  short  gliiss 
tube-  w^ith  constricted  ends  is  used.  IJaeh  end  has  a  piece  of  rubber 
tubing  utiacbed.  One  of  these  is  connected  with  a  glass  tulje,  which 
projects  through  the  cotton  plug  of  the  test-tube.  The  test-tube  con- 
tains bouillon.  The  whole  is  sterilixcd  and  then  the  test-tube  inocu- 
lated. The  bouillon  is  then  drawn  ujj  into  the  eoiislricted  tube,  wliich 
is  sealed  by  simply  pushing  down  the  tul>e  so  that  both  rubber  ends 
are  sealw!  by  being  I>eul  on  themselves.  When  spores  are  present,  a 
simple  method  suggested,  I  l)elieve,  by  McFarlaml,  can  be  suct-css- 
fully  employed,  ^'essels  plugged  with  stoppci-s  perforated  by  glass 
tubes  flrjiwn  to  a  point  aiv  filled  to  such  a  height  that  when  the  fluifl 
is  heated  to  80°  C.  it  will  just  fill  them.  They  are  inoculatetl  when 
the  bouillon  is  at  aljout  60°  C,  heated  to  S0°  C..  and  then  sealed  by 
closing  the  tube's  point  by  nienn.s  of  a  Hame.  After  inoculating  and 
heating,  instead  of  sealing  the  glass  tube  a  sterile  ruhl>er  cork  can  be 
inserted. 

If  nmeh  fermentation  is  ex|»eeted,  the  cork  should  be  clampeil  or  tied 
to  the  bottle,  ao  that  it  will  not  blow  out.  One  advantage  of  tliis  method 
is  that  any  conlatninating  organisms  which  have  uo  spun-s  will  be 
killetj. 

When  sealed  the  bottles  should  be  cooled  and  then  placed  iu  the 
incu  levator. 

A  very  convenient  modification  of  Pasteur's  method  for  the  growth 
of  bacteria  id  fluid  media  is  to  cover  the  fluid  nith  atbotene  or  paraffin. 
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In  boiling  tiil  the  oxj'gen  is  driven  out.  Wc  prepare  all  our  tetanus 
toxins  in  this  way:  l,itre  flasks  are  filled  lo  near  the  neck  wilh  bouillon. 
This  is  covfred  with  a  one-half  inch  layer  of  albolene  or  psraRiii-    The 
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bouillon  lifter  Itoilinp  is  i|uiekly  eooled  bv  setting  thi? 
fl(Lsk  contaiiiitijr  it  in  ii  sluitlow  Imyer  of  ctml  w  u(*:-r, 
so  ns  lo  lower  TJie  temperntujf  of  the  Uiwer  portion 
of  the  bouilluu  to  4(1"  C  or  iiiulpr,  wliili-  IcHxiiig  llir 
parafBn  on  the  surfuee  still  fluiil.  ^^  liile  in  this  t-nii- 
(lition  it  is  inoenlnteil  with  the  tetanus  citlture.  Hits 
of  tissue  suspected  to  continn  tetanus  bnt-ilH  are 
dropped  into  smaller  Husks  Hllcd  and  pi^parml  in 
the  same  way. 

I>iHPi^\rF.iiF.ST  OF  AiB. — In  the  more  complirHini 
methods  the  plates  or  tiil)es  are  plueeil  in  juts  of  u 
type  rirvisi'd  iiv  Xovy  I  Fi;^'.  .Ml),  iti  wliirh  the  nxygri! 
is  displaced  bv  n  streiini  of  hyrJni^iMi  devi-lnpcd  bv 
the  Kipp  apparatus,  throuj»li  the  HCtioii  of  pure  jtraini- 
lated  zinc  and  a  25  per  cent,  solution  of  pure  sul- 
phuric aeid.  When  all  tbe  o.\y^*n  has  iH'cn  displa<'ed 
the  jars  are  sealed  by  njtatinp  the  stop|>er. 

.AiWitRiTioN  (IF  OxvoKN. — In  another  method  the 
oxygen  is  extraete<l  by  a  mixture  of  pyrogalUe  ueid 
and  caustic  potash.  To  each  I(X>  c.r.  of  air  .space  in 
the  jar  I  grnm  of  pyrogullie  acid  and  ID  c.e.  of  (i 
per  eeni.  solution  of  ]M>tassiuni  hyiiroxide  iire  adde<i 
and  the  jnrs  ininiiiliBtely  sealed.  :\  very  simple  pro- 
cedure lias  l»een  described  by  Wilson.  In  a  large  lest- 
tube  a  small  piece  of  solid  eaustic  potash  Is  placed 
ami  over  this  powdered  pyro^allic  acid  is  pourc<l. 
A  smaller  culttire  tube  with  tlx-  dcTiired  niiHliiim  is 
inoculated.  Water  is  now  ndde<l  to  the  large  test- 
tube,  which  worts  iLs  way  slowly  through  the  pyro- 
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gallic  acid.  The  small  tube  is  quickly  inserted  and  the  whole  sealed 
by  water  or  a  rubber  cork  (Fig.  51).  Solid  culture  media  in  test-tubes 
can  be  inverted  over  the  acid  soda  mixture,  which  is  then  covered 
by  a  layer  of  albolene  to  prevent  the  absorption  of  oxygen  from  the 
air.  The  displacement  method  is  often  used  along  with,  that  of 
absorption. 

AshOciATED  WITH  Aerobic  Bacteria. — Anaerobic  bacteria  mixed 
with  aerobic  bacteria  will  grow  in  the  apparent  presence  of  oxygen, 
the  aerobic  bacteria  robbing  the  media  of  it.  Thus,  tetanus  and 
diphtheria  grow  together  in  an  open  flask  of  bouillon. 

Method  for  Adapting  Bacteria  to  Ammal  Fi.iids. — The  placing 
of  cultures  in  collodion  sacs  in  the  abdomens  of  animals  has  been  used 
extensively  by  the  Pasteur  school  for  exalting  the  virulence  of  bacteria 
or  trying  to  adapt  them  to  species  of  animals  differing  from  the  one 
from  which  they  were  isolated. 

The  underlying  idea  is  to  grow  the  organisms  in  the  peritoneal  cavity 
of  an  animal  under  such  conditions  that  the  waste  products  of  the 
germs  will  be  removed,  ah  abundant  supply  of  nutrient  material  fur- 
nished, and  the  germs  themselves  protected  from  the  action  of  the 
phagocj-tes.  The  hermetically  sealed  collodion  sacs  answer  this  pur- 
pose. The  collodion  used  is  the  U.  S.  Pharmacopoeia  solution,  which 
by  exposure  to  the  air  has  been  concentrated  one-third. 

The  sealed  inoculated  sacs  are  to  be  inserted  into  the  peritoneal 
canty  with  every  possible  precaution  for  asepsis.  The  sacs  are  left 
in  place  for  days  or  months,  as  the  experiment  requires. 


CHAPTKR  VI. 

MICROSCOPIC  METHODS. 

THE  PaEPARATION,  STAIKING,  AND  MICROSCOPIO  EXAMIKATIOM 

OF  BACTERIA. 

TuE  direct  microscopic  examination  of  suspected  substances  for 
bacteria  can  Ije  made  eitlipr  with  or  witliuut  staining;.  Unstained, 
the  buctcna  arc  examined  in  a  han^n^  drop  or  on  transparent  nieilia. 
under  daylif^ht.  or.  I.)0tter,  artificial  litilit  to  note  tlicir  motility,  their  size 
and  form,  and  their  general  arranpement;  but  for  more  exact  study 
of  their  appearance  they  can  lje  so  much  l>etter  observed  when 
stained  that  this  step  is  always  adnsahle. 

Elimination  of  Foreign  Bacteria  from  Preparations. — Since  bacteria 
are  prt-sent  in  tlie  air,  hi  dii.sl,  in  [Jip  water,  on  our  bodies,  clothes,  and 
all  surrounditif:  nbji-rts,  it  follows  that  when  wc  begin  to  cxaniine  sub- 
stanc-es  for  bacteria  tlic  first  requisite  is  tliat  the  materials  we  use, 
such  as  staining  tluid,  cover-glasses,  etc..  should  be  practically  free 
from  bacteria,  both  living  and  dead,  otherwise  we  may  not  be  able  to 
tell  whether  those  we  detect  belonged  originally  in  the  substances 
examined  or  only  in  the  materials  we  have  used  in  the  investigation. 

Film  Preparation. — A  cover-glass  or  slide  preparation  is  made  as 
follows:  A  very  small  amount  of  the  blood,  pus,  discharges  from 
mucous  nicnibraiiPS,  cultuivs  frouj  fluid  uirdia,  or  otber  nintfrial  to 
be  examined  is  removed  by  means  of  a  sterile  swab  or  jilatinuni  loop 
and  smeared  undiluted  in  an  even,  thin  film  over  a  perfectly  clean,' 
thin  cover-glass  or  slide.  From  cultun-s  on  sulid  media,  however, 
on  account  of  the  abundance  of  bacteria  in  the  material,  a  little  of  the 
growth  is  <lihited  by  ailding  it  to  a  liny  drop  of  clean  distilled  water 
which  has  Ix^n  previously  placed  on  the  glass.  The  amount  of  dilution 
is  learned  after  a  few  trials.  It  is  best  to  add  to  the  drop  just  enough 
of  the  culture  to  make  n  perce]>tible  clouiline.ss.  Tin-  nii,\ture  is  then 
smeared  thinly  and  unifurinly  over  the  glass.  \Nlten  blood  or  pus  is 
(o  Ix'  studieii  it  is  well  (o  pul  a  small  drop  cni  a  slide  or  cover-glass 
and  then  immediately  to  place  iin  lop  of  this  another.  The  flui«l  will 
spread  between  the  two,  and  when  they  are  drawn  apart  &  fairly  even 

'  ToT*nd«iiittir  ooT«r-4ll)if  cIcaD  aixl  Tiv*  rrom  sraarc,  placo  lb«iu  In  ilraiui  DltriCBCi^l  tor  ■  ftw 
boon,  Uien  rlnw  Ihcm  in  wrater,  tiKii  In  alcnbol,  th«n  In  ctber  I'Ucc  ibem  UtibII;  tar  korping 
In  •lodwl,  to  wblch  a  lilU«  KmmoDlB  bu  been  add »i.  Wben  iu«d  tvlpc  wltk  ton.  ct«*0  lln«ii  of 
oonon  dub.  Uoli]  c»vef-HUiii  «r«  used,  bull  lint  In  mU  •oliitlon.  AnnUier  pnwnlura  1b  Io  w»k 
ll>e  ccTor-glMiM  nrM  tn  alrotiol,  I1i«ti  wIt«  with  anil  llnvo,  ttitn  |>lac«  tn  n  eeiM  rtlib,  tod  tM*t  In 
Uio  ilry  flvtillsrr  for  one  buur  at  3iiu°  C.  A  raive^gUn  in  luil  clan  vrlicti  &  ilrt)|i  itf  water  >|irad  ortt 
IX  dowDot  rctaain  fly*o,  hnl  Ktttb«n  In  tlropleU' 
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smear  will  be  left  on  them.  If  it  is  desired  to  preserve  the  blood  cells 
intact  ihe  films  are  plaeerl  in  a  saturated  solution  of  corrosive  sublimate 
for  two  to  three  luiuutes,  ami  llien  washed  in  running  water,  or  instead 
of  sublimate  exposed  lo  the  vapor  of  formalin. 

When  milk  films  are  made  lliey  are.  after  fixation,  eleared  of  fat  by 
means  of  ether.  From  whatever  source  derived  the  fihn  is  allowed  to 
dn*  thoroughly  at  the  usual  air  temperature,  and  then,  in  ortler  to  fix 
the  film  witli  its  otintained  hnrteria  to  tlie  glass,  the  latter  is  grasped  in 
any  one  of  the  several  kinds  of  forceps  commonly  used,  and  is  passed 
three  times  by  a  rather  slow  movement  through  the  Bunsen  or  alcohol 
Hame.  Instead  of  this  metlii»d  the  fihn  may  !»<•  fixed  tu  ihe  ghiss  by 
placing  it  in  absolute  alcohol  for  a  few  minutes.  'l"he  smear  thus  pre- 
pared is  usually  stained  either  by  the  simple  addition  of  a  solution  of 
an  aniline  dye.  for  from  one  to  five  minutes,  or  by  one  of  the  more 
complicated  special  stains  described  later.  When  the  stain  is  to  be 
bastt-iuil  or  made  mure  intense  the  dye  is  uscirl  warm.  For  tirilinary 
staining  the  bacteria  are  simply  covered  completely  by  the  cold  staining 
Suid. 

The  cover-glass  or  slide,  with  the  charged  side  uppermost,  may 
either  rest  on  the  table  or  he  held  by  some  modification  of  Cornet's 
for<re[>s.  \Mieji  the  solution  is  tu  be  wanru-d  the  cover-glass  may  be 
floated,  smeared  side  <lowii.  upon  the  fluid  contained  in  a  porcelain 
dish  resting  on  a  wire  mat.  supported  on  a  stand,  or  it  may  be  held  in 
the  Comet  fnn-eps.  If  a  .^ilide  i.s  used  it  is  simply  ins<'rted  in  the  fluid 
or  covered  by  it.  The  fluid  in  both  the  dish  and  on  the  glass  should 
be  carefully  warmed,  so  a.s  to  steam  without  actually  boiling.  The 
glass  should  be  kept  completely  covered  with  fluid.  The  bacteria 
having  now  bectn  stnineil.  the  cover-gla.'is  or  slirle  is  grasjied  iu  the 
foreejw  and  thoroughly  but  gently  washed  in  clean  water  and  then 
dried,  first  between  layers  of  filter-pa|>er  and  then  in  the  air  nr  high 
over  a  flaine.  A  drop  of  Ijulsam  or  water  is  now  placed  on  a  glass  shrie 
Mid  the  cover-glass  placed  upon  it  with  the  bacterial  side  down.  The 
cover-glass  or  slide  preparation  is  now  ready  for  microscopic  exami- 
nation. 

Staining  of  Bacteria. — The  protoplasnt  of  bacteria  reacts  to  stains 
much  as  nuclear  elironiatin,  though  sometimes  more  and  sometimes 
leas  actively. 

nie  l>est  stains  are  the  basic  aniline  dyes,  which  are  compounds 
deriveil  from  the  coal-tar  product  aniline  (CaH^NH,). 

.■\xiLiNE  DvKS.^The  aniline  dyes  which  are  employed  for  staining 
purposes  arc  divided  into  two  gr^uip^  according  as  the  staining  action 
depends  on  the  ba.sic  or  the  acitl  portion  of  the  molecule.  The  former 
contains  amido  groups  and  are  spoken  of  as  nuclear  stains,  since  they 
color  the  nuclear  chromatin  of  both  cells  and  bacteria.  The  latter 
contain  hvilroxyl  groups  and  flo  not  stain  bacteria,  but  an-  used  chiefly 
for  contrast  coloring.  The  basic  dyes  are  usually  employed  as  salts 
of  hydrochloric  acid,  while  the  acid  dyes  occur  as  sodium  or  potassium 
sails" 
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The  Mluwing  sre  tlie  most  roranionly  us«I  liaaic  aniline  slains: 
Violet  staiiis—mclhvl  violrt.  j^ritian  \iolct,  crystal  violet- 
Blue  slains^mcthylcne  blue,  thioiiin  bhip. 
Rod  stains— basic  fuebsin,  safranin. 
Brown  stain — Bismarck  brown. 
Grwn  stain — irictliyl  green. 
Of  the  aliovo  stains  the  \-iolet  aiut  refl  stains  are  the  most  lolense 
in  action.     It  is  thus  easy  to  overstain  a  sju'einieii  with  (hem.     Of  the 
blue,  inelhylene-hhie  prol>ahly  gives  the  best  differentiation  of  struc- 
ture an<i  it  is  tlilTionIt  to  ovcrstuin  with  it. 

These  tlyes  are  all  more  or  less  crfstulline  powders,  and  while  some 
are  definite  chemical  comjwunds.  others  arc  mi.xtures.  For  this  reu.son 
various  brands  are  met  with  on  the  market  anrl  the  exact  duplication 
of  stains  is  not  alwa^'s  possible.  D)*es  should  lie  obtained  from  reliable  fl 
houses  only;  most  liacteriolngisLsoIitain  tlu-iii  fn»ni  Ciriihler,  of  f-^ipzig. 
It  is  advisable  to  ke«;piin  hand  not  otdythr  iinporlant  rives,  hut  also 
stuck  solutions  from  which  the  staining  sclutions  are  made.  The  stock 
saturated  ahxihoHc  sohtiioiis  are  made  bv  t>uiirii)g  into  a  iHittle  enough 
of  the  dye  in  substance  to  Kll  them  to  alxjut  one-tjuarter  of  their  capacity. 
The  bottle  shoulc]  then  Ix"  Klled  with  alcohol,  tightly  corked,  well  shaken, 
and  ailoweil  i(»  stand  for  twenty-four  hours.  If  at  the  end  of  this  time 
all  the  staining  material  has  been  dissolved,  more  should  l»e  added. 
the  bottJe  Iteing  again  shaken  ami  allowefl  to  stand  for  anoiber  twent}"- 
four  hours.  This  must  l>e  re|K>ated  until  a  permanent  seilimeiit  of 
unrlissolved  enlonng  matter  is  seen  upon  the  l>ottoni  of  the  Isotlle.  ITiis 
will  then  be  labelled  "sBturate<l  alcoholic  solution."  of  whatever  dye 
has  been  eniplovefl.  The  alcoholic  ajhitions  are  not  themselves  em- 
ployed for  staining  purposes.  The  solution  for  use  is  made  by  filling 
a  small  Iwttle  three-fourths  with  distilled  water,  and  then  adding  the 
concentrated  alcoholic  solution  of  the  <lye.  little  by  little,  until  one  can 
just  see  through  the  sohition.  ('are  must  Se  taken  that  the  color  does 
not  become  too  dense;  usually  about  one  pan  to  ten  is  snfticient.  .Small 
wooden  cases  conte  prepared  for  hohling  aUnit  one-half  dozen  Uittles 
of  the  staining  si)liilions.     This  tuitnlKT  will  answer  for  all  pur|Mises. 
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General  Observations  on  the  Principles  of  Staining  Bacteria. 

Microchamictl  Raaction  and  Staining  of  the  Cell  Body. — Of  special 
imporlanoe  in  this  regard  ts  the  resistance  which  bacteria  possess  to 
diluted  alkalies.  Inasmuch  as  the  majoritv  of  aninml  tissues  are  ilis- 
solvcil  when  treated  with  alkalies,  this  metliod  has  been  adopted  for 
rendering  visible  unstained  bacteria  in  tissues.  As  a  rule,  bacteria 
are  stained  \-elIowish  witli  iodine  solution,  a  few  ouly  in  consequence 
of  their  starchy  constituents  being  stained  blue. 

Bacteria  may  be  stained  with  various  dyes  of  very  ditTerent  chemical 
com[>ositi<m,  such  as  hietnatoxylin  and  certain  plant  dves,  etc.,  but 
most  of  these  are  of  little  practical  value  as  com|>ared  with  the  basic 
aniline  colors.    U.  Koch  was  the  first  to  recognize  the  affinity  of  Itaeleria 
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for  ihcse  djres  and  to  note  their  importance  as  a  means  of  ditTcrcntiHliii^ 
micro-organisms  from  other  corpuscular  elements. 

The  staining  of  bacteria  is  not  to  be  considered  simply  as  a  nieciiani- 
cal  saturation  of  the  cell  lioily  with  the  «Iye»  in  which  the  lallcr  is  dis- 

ved  iu  the  plasma.     It  is  rather  a  chenn'cal  combination  Iwtween  the 

lye  sulk*<Laiice  ami  the  plastnu.     This  iiniuii,  however,  is  apparently 

an  ntistahle  one  and  easily  broken  tip.     I'tina  believes  that  the  basic 

iline  dyes,  from  llieir  cheuiieni  i*onipositiun,  arc  not  really  bases  but 

Html  salts—*,  (jr.,  fuclisin  equals  rosaniliue  chloride;  they  are  ealled 

ic  only  because  the  staining  coinpunenls  (as  the  rosaniline)  are  of  a 

basic  nature.    The  staining  process  is,  therefore,  not  to  be  looked  upon 

as  if  the  dye  substance  separated  into  its  coinp4>nent  parts  and  only  the 

ining  ingredient  attacked  the  cell  body,  becaiisp  the  tissues  for  which 

e&s  "  basic  aniline  dyes"  have  special  affinity  are  themselves  basic. 

n  the  contrary,  the  ilyestuff  unites  as  a  whole  with  the  plasrna,  form- 
ing, as  it  were,  a  double  suit  i»r  unstable  i:oni[)ound  between  the  two, 

llic  ilependence  of  the  staining  process  upon  the  solvent  concjition 
of  the  dw  is  shown  in  the  following  observations: 

1.  Entirely  water  free,  pure  alcoliolic  dye  solutions  do  not  stain. 

2.  Absolute  alcohol  tloes  not  decolorize  bacteria,  while  diluted  alcohol 
is  an  active  decolorizing  agent.  The  compound  of  dye  substance  and 
plasma  is  therefore  insoluble  in  pure  alcohol. 

3.  The  more  completely  a  dye  is  dissolved  the  weaker  is  its  s^taiiting 
power.  For  this  rea-son  pure  alcoholic  solutions  are  inactive;  and  the 
Kwalled  wriik  dye  solutions  to  which  strong  ilye  solvents  have  been 
adderl  are  limited  in  their  action  on  certain  bacierift  in  which  the  ilye 
.snt>slance  is  closely  united.  This  is  the  principle  of  Neisser's  stain  for 
diphtheria  bacilU^Wz.,  acetic  acid  methylene-blue  solution. 

On  the  other  hand,  the  addition  of  alkalies  to  the  dye  mixture  ren- 
ders the  solvent  action  le.s.s  coniplete,  leading  to  slight  cloutling,  and 
inally,  if  lai-ge  amounts  of  alkali  are  addeci,  to  precipitation  of  the 
substance.     Solutions   thtus   treated    posse.ss   an   intense   staining 
wer.      .\ecording    to    Michaels,    however,    in    IxjefHer's    niethylene- 
blue  solution  tlie  role  of  the  alkali  is  purely  of  a  chemical  nature,  by 
which  it  converts  the  methylene  blue  into  methylene  azuir  (azure  III. 
The  dependence  of  the  staining  process  upon  the  nature  of  the  bac- 
teria is  exhibited  in  the  following  facts: 

There  are  among  bacteria  srime  which  are  easily  stained  and  others 
which  are  only  iitaine<l  with  dilliculty.  To  the  latter  Indorig,  for  e.K- 
am pic.  the  tubercle  bacillus  ami  lepra  bacillus,  also  spores  and  flagella. 
^J'he  ihlFerence  lietween  them  is  that  the  easily  stained  objects  require 
^But  a  mininnim  of  time  to  l>e  inunerseil  in  a  watery  solution,  while 
^^Dte  others  must  Iw  stainerl  by  special  dvTs  ur  with  the  aid  of  outride 
^^ifluences  (heat  and  moixlnnts,  etc.).  The  iliflicultly  stained  objects 
are  at  tlie  same  time  not  eu-sily  ile(v>h)rizi'd.  The  e.xplunalioii  of  the 
resistance  which  these  bacteria  show  to  staining  as  well  as  to  decolorizing 
agents  is  to  be  sought  in  two  ways:  either  on  the  assumption  that  they 
a  difficultly  permeable  or  resisdng  envelope,  or  that  they  bare 
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a  S[>erial  chemical  coiistiltitinn.  The  latter  hyixithfsis  holds  gtmd  only, 
if  at  alt,  in  re<;aiTl  (u  flaKclla  and  spores;  while  the  assumption  of  the 
resisting  envelo[>i'  has  refeieiicc  more  pnrtirularly  to  the  inU'rcle  hnnl- 
lus,  »n(l  is  probably  correct.  The  presence  of  fatty  and  waxy  bodies 
in  the  envelope  of  these  micro-organ  isms  is  eapablo  of  deinunstratioD. 
Moreover,  after  extraction  of  these  bodies  by  ether  the  tuljercle  bacillus 
loses  its  [wwer  of  resisting  acids,  which  piTuhar  resistance  can  also  be 
artificially  prorluced  in  other  bacteria  having  nonnally  nn  such  resist- 
inp  jxiwer.  In  many  instances,  doubtless,  both  of  these  causes,  nz., 
resistant  envelo|»e  and  chemically  different  constitution,  work  together 
to  pnidnce  the  alMive-meiilioru'd  n'sults. 

Individual  differences  in  acid  resistance  among  the  difficultly  stained 
bacteria  have  been  oliserved  in  tubercle  bacilli;  aw'iirdiiig  to  Ziebl  and 
Ehriich  tliose  having  less  individual  resistance  are  probably  the  younger 
members.  Individual  ditfercncca  in  staining,  in  the  easily  stained  l>ttc- 
teria,  have  also  been  noticed;  for  example,  cholera  \ibrios  and  allied 
species  are  beat  staineit  with  fnrhsiii,  not  so  well  with  njethyjene  blue.  etc. 

The  reladon  In'tween  staining  and  degeneration  of  bacteria  is  & 
complicated  ijueslion.  Decrease  of  staining  pfjwer  takes  place  during 
degpneration  of  ihe  bacterial  i-ell,  but  it  is  often  didictdt  to  determine 
till-  exact  nitjnient  wlien  this  loss  nf  jxjwer  iH'i'UiS-  liegenerated  fimns 
of  the  cholera  hucillus  From  the  aUloniinal  ctivity  of  guinea-pigs  thus 
soon  lose  their  power  of  staining  in  uicthylctie-blue  solution,  but  stain 
well  in  <liluted  cBrliul  fuchsin.  iMorcover,  bacteria  killed  by  drying  and 
moderate  heating,  as  in  the  preparation  of  films,  n'tain  their  power  of 
staining.  Kitasatti  fonn<l  dead  tulK'rcle  liacilli  in  sputum  which  tfiok 
on  normal  stxining.  Hacleria  killed  by  chloroform,  fonn&lin,  etc., 
still  retain  their  staining  properties  intact. 

Klective  staining  pnipcrlies,  when-by  i-crtaiu  species  of  bacteria  art 
exclusively  or  rapidly  an<]  intensely  stained  by  certain  dyes,  have  repeat- 
e<ily  been  observed.  Oi  t\w  gn.*al(st  praciical  iin|X>r1ancc  in  this  rcsjH.'cl 
is  the  Gram  stain  used  for  the  differential  diagnosis  of  many  species  of 
bacteria;  although  a  distinct  classification  of  bacteria  into  those 
which  are  stained  and  tho-fe  which  are  not  stained  by  ((tain's  solution 
UoA  been  shown  to  Ik*  impracticable.  There  are  sfuue  bacteria,  how- 
ever, wliich  act  unifonnly  lowan]  (iram  under  all  crtnditions;  as,  for 
example,  the  anibrax  bacillus  and  the  pyogenic  cocci  are  always  jtosi- 
tive,  the  cholem  and  plague  bacilli  and  gonococci  are  alwai-s  negative 
to  Gram.  Other  .'^[M'cie.'t  again  iirc  at  one  time  stained  and  at  another 
ilecolorized  by  Gmm;  thus  pycK-yaneus  is  stained  only  in  young  Indi- 
viduals. Previous  heating  or  extraction  with  ether,  according  to  Nikl- 
tine.  does  not  prevent  the  action  of  drain's  stain,  hut  treatment  with 
acids  or  alkalies  renders  it  impos-sible.  Dactcria  so  treated,  however, 
after  one  hour's  immersion  in  I<oeffler's  mordant  regain  their  projicrty 
of  staining  with  Grain. 

As  to  the  nature  of  Gram's  staining  solution  it  may  be  mentioned 
that  only  the  pararusHuilines  (genUan  nolet,  methyl  Woiet,  and  Victoria 
blue)  are  suitable  for  the  puqxise.  when-as   the   nisanilines    (fuchsin 
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1(1  tnethvlene  blue)  give  negative  results.  The  reast»n  for  this  is  that 
thf  icKliiie  coiiipoiituls  with  the  pnnirosflniliiH's  are  fast  oilors,  while 
tlio3e  with  the  rosaiiilines  are  mistahle.  These  latter  compounds  when 
treated  with  alcohol  break  up  into  their  constituents,  the  iodine  is  washed 
Hit.  anil  the  dye  suhstanre  remaining  in  the  tissues  stain  them  uni- 
foniilv,  tliat  is,  without  differentiation.     Hut  io<|[ne-}Kl^arol^aniline  coni- 

junds  are  not  thus  broken  up  ami  ronsetjiiently  stain  those  portions 
(he  tissue  imtn-  or  less,  {urordirij;  [o  the  afliuity  wliieii  they  luive 
for  the  dye  sutisfance.     The  parts  stiiined  by  Gram  are  thus  dislin- 

tiiislied  fn)iii  ihosr  stained  violet,  not  only  <|uautil«tively.  l.m(  qmilita- 
vcly;  it  is  not  a  pTitiiin  violet  but  an  ifMlinc-msuniline  staining  wliich 
L'curs. 
Use  of  Mordants  uid   Docolorisuig   Agents. — In  films  of  blood   and 
us,  iind  in  tissue  sections,  the  tissue  elenieiiTs  may  be  stained  to  such 
drt  exient  as  to  obscure  the  bacteria.     Hence  many  methods  have  Iweii 
devisfil  to  use  substances  which,  while  incivasinf(  tin-  staining  pimcr, 
tend  to  fix  the  stain  in  the  bacteria  and  further  to  twat  by  substances 
^^'hirh  Jpcoloriz*'  the  overstaincrl  tissue  to  a  ^-atcr  or  less  extent  while 
^Hen^'ing  the  bacteria  stained.    The  staining  capacity  of  a  solution  may 
^TM-  increased  by  {ci)  the  adilition  of  sirbstanc<'S  such  as  carlxilic  acid, 
aniline  oil,  or  metallic  salts,  all  of  which  probably  act  as  mordants;  (b) 
hv  the  addition  of  weak  alkaline  solutions  of  caustic  potash  or  ammo- 
nium carlwnate;  (c)  by  the  employment  of  heat;  !d)  by  long  duration 
of  the  staining  process. 

As  decohmzin^  agents  we  use  clilefly  mineral  acids  I'hydrochloiic, 
nitric,  siilphuricl,  vegetable  acids  (aceli<*).  aU-«iliol  ur  a  coinbinHliim 
of  alcohol  and  acid;  also  various  oils,  aniline,  clove,  etc. 

The  arid  aniline  dyes  are  represented  bv  eosin,  neid  fuchsin,  and 

I  fluorescein. 
Formalse  of  the  Most  Oommonly  Used  Stain  Oombinations.  Loeffleh's 
ii.KALiNK  ,MKiUYLt:\K-ii]j  K  SoLi'ituN.  This  consists  of  concen- 
pate<l  alcoholic  solution  of  methylene  bine,  -H)  c.c;  caustic  potash  in 
I  0.01  per  cent,  solution.  100  c.c.  The  alkali  not  only  makes  the  cell 
Inore  (icrnieable,  but  also  increases  the  staining  p<iwer  by  liberating 
the  free  base  from  the  dye. 

hKiXlI-EMllI-ini    \MI.1M>\V.\TEB  SOUTTION'  OF   FUCIT81N   OR    GENTI.\N 
lOLET  is  prepartil  as  f<)IIi>ws:   To  ftS  c.c.  of  distilled  water  add  2  c.c. 
nilineoil.or  more  roughly  but  with  equally  good  results,  pour  a  few  cubic 
centimetres  of  aniline  oil  into  a  test-tnlK.',  then  add  suflicieiit  water  to 
nearly  fill  it.     In  either  case  (he  mixtiins  are  thoroughly  shaken  and 
len  filtered  into  a  beaker  through  moistened  tiller-paper  until  the  filtrate 
perfectly  clear,    To  7.5  c.c.  of  the  filtrate  add  25  c.c.  of  the  concen- 
ited  alcoholic  solution  of  either  fuchsin.  fnethvlene  blue,  or  gentian 
iiilrt.  or  ftdil  the  ale<>holie  solution  until   (he  aniline  water  becomes 
opatpie  and  a  film  begins  to  fonn  on  the  surface. 

CAnBOLic  Frcusix.  or  Zieul's  Sor.rriox.— Distillerl  water,  100  c.c; 

carljolic  acid  (crystalline},  5  grn.;    alcohol,  10  c.c;    fucbsui,  1  gni.; 

it  may  be  preparc<l  by  adding  to  a  .5  per  cent,  watert*  solution  of  car- 
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bolic  acid  tite  saturattd  alrohnlic  scliitinn  of  fuohsin  until  a  metallic 
lustr**  ap|>cnrs  on  tlir  surface'  df  the  fluid.  The  carbolic  acid,  like  the 
alkali,  favors  the  penetration  of  chc  stain. 

'I'lie  last  Iwu  niellanls.  combined  with  heating,  arc  used  to  stain  spores 
and  certain  resistatit  bacteria  intensely,  so  that  they  retain  their  cotor 
when  exposed  to  decolorizing  a^nts. 

Carbolic  methylene  lihie,  first  used  by  Kilhne.  consists  of  1.5  ffi\. 
of  methylene  blue,  10  ^x\\.  of  al>solt:te  alcohol,  and  KKi  c.c.  of  a  5 
per  cent,  solution  of  carliolic  acid.  Carlmlic  thiouin  cnnsii^ts  of  10 
parts  of  a  satiimleil  aleoliolir  sohiliun  uf  thionin  and  100  parts  of  a 
1  per  cent,  solution  of  enrl»oIic'  acid. 

(ri'UM's  .Stmx.  —  .\uother  dilTercntial  niellio*!  uf  staining  which  is 
employed  is  that  known  as  Gram's  method.  In  this  methofj  the  objects 
to  i)c  stained  are  floated  on  or  cuvcix'd  with  the  aniline  or  carlioHc  gen-  ■ 
tian-violet  solution.  After  remaining  in  this  for  a  few  ininutes  they 
are  rinsed  in  xvater  and  then  immerserl  in  ait  iwline  solution  (I.ugol's), 
composed  of  iodine,  I  gin.;  potas.sium  iodide,  2  gm.;  distilled  water, 
;iOO  c.c.  In  this  they  remain  for  from  one  to  three  minutes  and  are 
again  rinsed  in  water.  They  are  then  placed  in  strong  alcohol  until 
mr»st  of  the  iiyv  ha.s  Ixvn  wa.sh<il  oul.  If  tlie  cover-glass  as  a  wluile 
still  shows  a  violet  color,  it  is  again  treated  with  the  iodine  solution, 
followed  by  alcohol,  and  lliis  is  contiiiucil  until  no  trace  of  violet  ci>tur 
is  visible  to  the  naked  eye.  They  may  then  be  washed  in  water  and 
examined,  or  a  contrasting  color  of  eosin,  fuchsin,  carmine,  or  Bis- 
marck brown  may  be  given  ihem  by  in.<!erting  theaj  in  weak  solutions 
of  thcs?  dws  for  a  few  minutes.  'Hiis  methml  i.»t  u.seful  in  demonstrat- 
ing the  capside  which  is  .seen  to  surround  .some  bacteria — particularly 
the  pneiimwrK'cus — ami  also  in  ditrereritiating  Iwtween  varielies  of 
bacteria,  for  sonte  do  and  others  do  not  retain  their  stain  when  put  in 
the  tDdim-  snhilinu  for  a  suitable  lime. 

StAining  ol  Capsales. —  Many  inethofls  of  demonstrating  the  cap* 
sule  have  deeii  dcvi.scd.  Two  only  will  U'  given  here.  The  glacial 
acetic  acid  method,  as  ilcscrilx'd  by  \YcIch,  is  as  follows:  I.  Cover  the 
preparation  with  glacial  acetic  acid  for  a  few  seconds.  2.  Drain 
off  and  replace  with  aniline  gentian- violet  solution;  tins  is  to  be  repeat- 
edly addi^l  until  all  the  aciij  i.s  replaced.  W.  Wash  in  1  to  2  per  cent, 
jtolulion  of  sodium  chloride  and  mount  in  the  same. 

Hism'  ('oiM'KH  Sii.PHMK  Mkthiid. — The  organisms  are  grown,  if 
I^Missible.  on  ascitic  fbiifl  or  s»'nim  media.  If  not.sprvad  the  organisms 
on  the  cover-glass  hy  mixing  with  a.  drop  of  serum,  or,  better,  a  drop 
<if  one  of  the  diluted  sennn  media.     Dry  in  the  air  and  fix  by  heat. 

The  capsules  are  stained  by  the  following  nietho<l :  A  5  per  cent,  or 
10  per  cent,  atjueous  solution  of  gentian  violet  or  fuchsin  (5  c.c.  saturated 
alcoholic  solution  gentian  violet  to  !)5  c.c.  distilled  water)  is  u.sed.  'VSm 
is  placed  on  the  dric<l  and  fixed  cover-gla.ss  preparation  and  gently 
heated  for  a  few  seconds  until  steam  arises.  The  dye  i.s  washeil  off 
with  a  20  per  cent,  solution  uf  et»pper  suljthate  icrystaU).  The  jirep- 
amtion  is  llien  placed  between  filter-paper  and  thoroughly  dried. 
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St&inicir  Spores. — We  have  ulrearty  noted  (hut  during  certain 
st.i^s  in  the  growth  of  a  number  of  baoteria  spores  are  formed  wjjirh 
^_^-fnse  to  tuke  up  cohir  when  the  bacteria  an.>  staineit  in  the  ordinary 
^Haaniier.  Special  methods  have  been  devised  for  causing  tlie  rolor  to 
^Benetrate  tlirouph  the  R'sistant  sjjore.  In  the  simplest  inetliwl  a  eo*'er- 
^Buip  after  having  Iseen  prepared  in  the  usual  way  is  covered  with  Ziehl's 
f  car)>olic  fuchsin  solution  and  held  <)ver  the  Bunsen  Hanie  until  the 
I  fluid  steams.  This  is  continued  for  one  or  two  minutes.  It  is  then 
f  washwl  and  dip[K-d  in  it  decohirizing  acid  Sfjiulioii,  such  as  a  2  per 
^Bent.  alcoholic  solution  of  nitric  acid,  or  a  I  per  rent,  solution  uf 
^^ulphnrie  acid  in  water,  tmlil  all  visible  eolnr  has  dLsapfn>aivd,  tlieti 
it  is  washed  off  and  dipjjed  for  one-half  niiiutte  in  a  saturaleil  \va1ery 
solution  of  methylene  hhie.  I'he  bacilli  will  then  Ik-  lihie  and  the 
spores  red.    Sometimes,  however,  the  spores  refuse  to  tuke  tlie  slain  in 


ODllnrv  lUln  hy  m<«'  UH-llnid, 

IS  manner.  We  then  can  adopt  MtK'ller's  method,  which  Is  designe<l 
still  further  to  favor  the  jwuetration  of  the  eolin-iiig  matter  through  the 
spore  membrane.  The  prepared  cover-slip  is  held  for  two  miiintes  in 
chloroform,  then  washed  off  in  water,  then  place*]  from  one-hnlf  to 
tlnve  minutes  in  a  5  [xt  cent,  solution  tif  chn>inic  acid,  aptin  washed 
olT  in  water,  and  now  stained  by  a<]ding  lo  it  cartwlic  fuchsin,  which 
is  steamed  for  several  minutes.  The  staining  fluid  is  then  washed  ntf 
and  the  preparation  decotonKe<l  in  a  '.i  per  tent,  solution  of  hydrcxhloric 
arid  or  a  5  per  cent,  solution  of  sulphuric  acid.  The  preparation  is 
Qnally  stained  for  a  minute  in  nu'thylene-bhie  solution.  The  spores 
will  be  red  and  the  liody  of  the  cells  blue,  llie  diffen-nt  sikir-s  vary 
?atly  in  the  readiness  with  which  they  take  up  tlie  dyes,  and  we  have, 
?refore,  to  experiment  with  each  variety  as  lo  the  length  of  time  they 
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should  be  exposed  to  the  maceration  of  the  chromic  acid.  Even  under 
the  best  conditions  it  is  almost  iinpnsaihU'  to  stain  soim'  s[>ore3. 

Staining;  Fla{;«tla. — For  tlie  den  ton-si  ration  of  Hagclla.  which  are 
possessed  by  all  motile  baclena,  we  are  indebled  lo  Looffler.  The 
staining  nf  flagt'lla  satisfactorily  is  one  of  the  most  difficult  of  liacteno- 
[o^rical  pmcediiri's.  Sp-rial  stains  devised  by  him,  by  Van  Kmicng^m, 
by  Pitlicld,  and  others  are  employed. 

Preparation  of  Pilmi. — In  all  methods  young  (twTUe  to  eightw-n-hour) 
cultures  on  agar  should  he  chosen.  A  little  of  the  culture  is  carefully 
removed  and  placet!  in  a  few  drops  of  filtered  lap  water.  A  liny  drop 
of  t\m  rather  thin  emulsion  is  allowe<l  to  spread  with  as  little  manipu- 
lation ns  |H>s.silik'  over  tlie  cover-plass. 

Ituiige's  modification  of  Ixiefller'a  method  is  carried  out  as  follows; 
Cover-glasses  which  ha\*e  been  most  carefully  eleaneil  are  covered  by  a 
very  thin  smear.  .Xfter  drying  in  tin*  nir  and  passing  three  times  through 
the  flame  tlie  smear  is  treated  with  a  iciordaiit  solution,  which  is  pre- 
pare<l  as  follows:  To  3  parts  of  saturated  wiilert"  solution  of  tannin 
add  1  part  of  a  -■*>  per  ct  nt.  solution  of  ferric  chloride.  Tliis  mordant 
should  be  allowed  to  stand  for  several  weeks  before  using.  After  pre- 
paring the  cover-slip  with  all  precautions  necessary  to  cleanliness  the 
filtered  monlant  i.s  allowed  to  act  cold  for  five  minutes,  after  which  it 
is  wanned  and  then  in  one  minute  washed  off.  .\fter  ilrving.  the 
smear  is  slaiiieil  with  the  carbol-fu4-bsin  solution  or  carbol-gentian 
violet,  and  then  washed  off,  dried,  and  mounted. 

Frequendy  the  fiagella  appear  well  stained,  but  often  the  process  has 
to  ht-  repeated  a  number  of  times.  Overheatiiifi  of  the  lilm  prevents  the 
staining  of  the  flap^lla. 

Van  Knnengem's  method  gives  good  results. 

Ixunin&tloQ  of  Bacteria  in  Tiasuas. — Occasionally  it  is  of  importance  to 
examine  the  bacteria  as  they  are  in  the  tissues  themselves.  The  tissues 
should  licolitaineilsoou  after  ilcadi,  so  as  to  prevent  as  mucli  as  jxissible 
post-mortem  changi-s,  with  ci>nseipient  iiierea.se  or  decrease  in  the 
numlier  of  bacteria  in  them.  Selecteii  pieces  of  tissues  can  be  frozen  by 
ether  and  sections  cut.  but  the  best  results  are  obtained  when  the  material 
is  cmbedfled  in  eellnidin  or,  l>etter  still,  in  parafBn.  From  the  properly 
selected  spots  small  |Nirtions.  not  thicker  than  one-<]uarter  of  an  inch, 
are  removed  and  placi-il  in  absolute  alcohol  for  one  or  two  days  if  less 
than  one-eighth  inch  thick,  and  longer  if  thicker.  For  the  larger  |Hece8 
it  is  better  to  change  the  aclohol  after  twenty-four  hours.  The  tissue 
pieces  should  be  kept  from  falling  to  the  l>otlom  as  the  higher  layers 
of  alcohol  retnaiii  nearer  ab.S4»lute.  If  along  with  the  bacteria  one  wishes 
lo  study  the  finer  structure  of  the  tissue-  we  must  employ  formalin  or 
corrosive  sublimate.  The  tissue  is  put  in  fonnalin  4  to  10  percent,  solution 
for  three  to  twenty-four  hours,  and  then  in  alcohol.  Corrosive  sublimate 
IS  a  saturated  solution  in  0.75  per  cent,  sodium  chloride  solution  is  also 
an  excellent  fixative  agent.  Dissolve  the  sublimate  in  the  salt  solution 
by  heat  and  then  allow  to  cool,  when  the  separation  of  crystals  will 
show  that  saturation  is  complete.     For  pieces  of  tissue  onendghth  inch 
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in  thickness  twelve  hours'  immersion  is  sufficient,  if  larger  twenty-four 
hours  is  uecessary.  Tliey  should  then  be  placed  in  pieces  of  gauze 
and  left  in  ninning  water  for  from  twelve  to  tweuty-four  hours,  accord- 
ing to  the  size  of  the  pieces,  to  wash  out  the  excess  of  sublimate.  They 
are  then  placed  for  twenty-four  hours  in  each  of  the  following  strengths 
of  methylated  spirit  ^free  from  na[)hthay:  -iO  ^»er  cent.,  *iO  [>er  cent., 
and  90  per  cent.  Finally  they  are  placed  in  absolute  alcohol  for  twenty- 
four  hours  and  are  thrri  ready  to  Iw  prepared  for  cutting  acconling 
to  the  usual  histological  methods.  The  paraffin  sections  of  tissue  having 
been  prepared  and  cut,  they  are  ready  for  sinining. 

L'->kfflkk's  Mkthud.— The  section  la  placed  in  Locffler's  alkaline 
methylene- blue  solution  for  5  to  30  ininules.  then  placed  for  a  few  sec- 
onds in  1  per  cent,  acetic  acid.  It  is  then  placed  in  absolute  alcohol, 
xylol,  and  Canada  balsam.  The  number  of  seconds  during  which  the 
prepamtion  remaln.s  in  the  acetic  aci:I  must  be  tested   bv   trials.      The 

Kacteria  are  dark   blue,   the   nuclei   blue,  and   tlie  cell  Indies  tight 
lue. 
Thioniii  solution,  carhol-fueli.siii  solution,  and  getitian  violet  can   Ih? 
sed   instead  of  Loeffler's   methylene   blue.     Gram's  method,  with   '.i 
yer  cent,  hydrochloric  acid  in  alcohol  as  a  tissue  decolorizer  for  ten 
seconds,  is  also  vaUmhle. 

PrefterTatio&  of  Spscimans.— Dry  unstained  or  stained  preparations 
of  bacteria  keep  indefinitely,  l>ut  if  mounted  in  Canada  balsam,  cedar 
oil,  or  ilammar  lac  they  lend  to  gradually  faile,  but  may  lie  preserved 
for  many  months  or  years. 


THE  MICROSCOPE  AND  THE  MICROSCOPIC  EXAMINATION 
OF    BACTERIA. 

Diiferent  Parts  of  the  Microscop«. — A  complete  instrimient  nsimlly 
has  four  oeuhirs,  oi'  eye-picLrs  (.1  I.  which  nrv  iiiiitibercd  from   I   to  4, 

:-on]ing  to  the  amount  of  niagnifiention  which  they  jield.    Xumljers 

and  4  are  most  useful  for  biietcrlnlogiral  work.  Tlie  objective — the 
at  the  distal  end  of  the  barrel— serves  to  give  the  main  magiiifica- 

m  of  the  object.  For  stained  bacteria  the  /j  achromatic  oil-inuner- 
lion  leus  is  regularly  employed ;  except  for  photographic  purposes  the 
Ipochromatic  lenses  are  not  needed.     Kven  here  they  are  not  indis- 

Misable.     A  t\\  n>ay  at  times  lie  useful,  but  hardly  iiccessiiry;  a  No. 

ocular  and  a  -|'.j  h-n.s  give  a  magnilicatinn  nf  iiboui    1(HH>  iliHtneliM-s 

J.  55).     For  unstained   bacteria  we  employ  cither  the  y^  immersion 

dry  lens,  according   to   iIm*  purpose  for  which  we  study  the  bac- 

ria;  for  the  examination  of  colonies  where,  as  a  rule,  we  do  not  wish 
to  see  individual  bacteria,  but  only  the  generiil  apjtearancc  of  whole 
groups,  we  use  lenses  of  much  lower  uuigniticaiiui]  (Fig.  j*U). 

The  stage  C — the  platform  upon  which  the  object  rests — should  be 
large  enough  to  support  the  Petri  plates  if  culture  work  is  to  be  done. 
The  iris  diaphragm  I),  which  is  now  regularly  used  in  bafrteriulogical 
vork,  opens  and  closes  like  the  iris  of  the  eye,  and  so  controls  the 
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amount  of  li>;ljt.  Its  o|K*niTi^  is  Jiminishetl  or  incn*aacd  by  inoviog  a 
small  anil,  which  Ls  unficrnfath  the  stapp,  in  one  or  another  direction. 
The  reflector  placer!  Itenenth  the  stage  serves  to  direct  tlie  h'ght  to  the 
object  to  Iw  examint*ii.  It  has  two  surfaces — one  concave  and  one 
convex.  The  coarse  aitjiistineiit  /•'  is  the  rack-and-pinion  arranpe- 
ment  by  which  the  hnrrel  of  (We  niirroscope  eari  be  fiuickly  raiscti  or 
lowered.     It  is  tised  tit  Viriny  the  Imcteria  roiiglily  into  focus.     If  the 
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l»earinj^  become  loose  TifrblPn  ihc  little  screws  at  the  back  of  the  pinion 
brjx.  Keep  the  teeth  clean.  If  the  beariiips  neeti  niliiijf  use  au  acid-free 
hibricant.  such  as  paraffin  oil.  The  (ine  adjusttneiit  f«  serves  to  raise 
and  lower  tlie  barrel  very  shiwly  and  evenly,  and  is  used  for  the  e.vact 
atudy  of  the  bacteria  when  hiph-power  lenses  arc  used.  It  is  neoes- 
sarilv  of  limiteil  ranf>e  and  delicate  in  its  niechanism.    If.  when  look- 
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ing  intn  the  eve-piwr,  no  chanRe  of  focus  is  nollceil  by  tuniinj;  the 
niicroineter  Iiead,  or  if  the  micrometer  head  reasfs  to  turn,  the  adjust- 
ment has  reached  its  limit.  Tvim  the  micrometer  hack  to  bring  the 
fine  adjustment  midway  within  its  rang*-.  When  the  fine  aiJjiistnifnt 
head  stops  do  nut  force  it.  For  the  nitcroscopie  study  nf  bacteria 
it  is  essential  that  we  mapiify  tlte  baelcna  n»  much  as  jKissililc  and 
still  have  iheir  definition  clear  iind  sharp.  It  is  essential,  therefore, 
that  the  microscope  Ik-  pruvidcti  with  an  oil-immetsioii  system  and  a 
suHslafjre  condensing  apparatus.  In  usin^'  the  oil-immersion  lens  a 
drop  of  oi!  of  the  sante  index  of  refrac-ti4)n  as  the  glass  is  placed  upon 
Uie  face  of  the  lens,  so  as  to  connect  it  with  the  cover-giass  when  (he 
hftPteria  are  in  focus.  There  is  thus  no  loss  of  sight  through  deflection, 
as  is  the  ease  in  the  tiry  system.  If  the  lensi^s  Ijeconie  diity  ihey  should 
he  niped  gently  with  Japanese  lens  paper  or  a  dean,  soft,  old-linen 
hamlkerchief.     If  necessary  breathe  on  the  lens  l»efore  wiping,  and  if 
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this  di>es  not  suceeeil  use  a  little  xylol  or  chlomfonn.  These  substances 
are  not  to  be  nse*l  unless  nc«'cssarv.  An  innncrsion  objective  should 
always  Ix*  cleaned  inimeiliately  after  using.  The  objective  should 
always  be  ke]»t  covered  so  as  to  prevent  dust  dropping  in. 

Light.— The  best  liglit  is  obtained  from  white  clouds  or  a  bine  sky. 
Avoi<i  direct  sunlight.  If  iieces.-?ary  use  white  shades  to  modify  the 
sunlight,  .\rtifinal  light  has  one  advantage  over  daylight  in  that  it  is 
constant  in  tpiality  and  ipianlily.  The  Welshach  burner  and  a  whitened 
incandescent  bulb  give  a  good  light.  A  blue  glass  between  the  artiReial 
liglil  ami  tin-  lens  is  nfd'u  of  \)ihie.     An  eve-shade  is  often  helpful. 

SubatagA  Ooadenamg  Apparatus  11  is  a  system  of  lenses  situated 
beneath  the  eeiilrnl  opening  of  (lie  stage.  It  serves  to  condense  the 
light  passing  through  the  r^-flector  to  the  object  in  such  a  way  that  it  is 
focused  upon  the  object,  thus  furnishing  the  greatest  amount  of  lumi- 
nosity.   Between  the  condenser  and  the  reflector  is  placed  an  adjustable 
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iliaphm^iii,  the  aperture  of  which  ean  be  regulated,  as  cirt-u instances 
require,  to  jjermit  of  either  a  very  small  or  a  very  large  amount  of  light 
passing  tu  llic  object. 

Focusing. — Focus  the  body  tube  down  by  means  of  the  coarse  adjust* 
raent  until  the  objective  nearly  touches  the  cover-glass,  being  careful 
not  to  touch  it.  Then  with  the  eye  at  the  eye-piece  focus  up  carefully 
with  the  coarse  adjustment  until  the  specimen  comes  plainly  into  view. 
Be  careful  not  to  pass  by  this  focal  point  without  noticing  it.  This  Is 
likely  to  occur  if  the  light  be  too  intense  and  the  spednien  thin  and 
transparent.  If  the  sliding  tube  coarse  adjustment  is  used,  focus  eare- h 
fully  by  giving  the  iuIm-  a  spiral  movement.  ^ 

When  the  object  is  brought  fairly  well  into  focus  by  means  of  the     ' 
coarse  adjustmeni,  use  the  fine  adjustment  to  focus  on  the  particular 
spot  desire<I,  for  if  this  3|>ot  is  in  the  centre  of   the    field  of   thcH 
low  power  it  will  be  soniewhei-e  in  the  field  of  the  liigher  power.    It  is 
too  much  to  ask  of  the  maker  that  the  lenses  be  made  absolutely  par- 
focal  and  centred.      The  delicacy  of  the  centring  can  \jr  appR-cialed 
when  the  magntficalion  and  the  extremely  small  portion  exnniineil  are^ 
considered,     \\1ieu  the  objectives  are  not  tlius  fitte*!  to  the  nose-piece, 
refocusing  and  again  hunting  up  the  object  are  necessary.    In  so  doiiif 
we  repent  the  eautiun  to  ahvuys  focus  up  befoiT-  lurtiing  tlie  nose- 
piece.     When  no  revolving  nose-piece  is  used  the  change  of  objeeti\*e»' 
means  the  unscrewing  of  one  and  the  screwing  of  the  other  into  it 
place,  and  refocusing. 

The  beginner  should  always  use  the  low-power  objectives  and  oculai 
first.  The  low-power  objectives  have  longer  working  distances  and 
are  not  so  apt  to  be  injured.  'Hiey  always  show  a  larger  |>orlion  of  the 
specimen  and  thus  give  one  a  better  idea  of  the  general  contour.  After 
obtaining  this  general  idea  the  liigher  powers  can  be  used  (o  bring  out 
greater  detail  in  any  particular  part.  ^ 

Tube  Length  and  Cover-glass.     .\ll  objectives  are  corrected  to  a  cer-fl 
tain  tulw  lenglli  (UK)  mm.  by  most  makers — Ix'itz.  170  mm.)  and  all 
objectives  in  tixed  mounts  of  over  0.70  .N.  A.  are  corrected  to  a  definite  ^ 
thickness  of  cover-glass  as  well  (Zeiss,  0.15  mm.,  0.20  mm.;  Leitz,  0.17fl 
mm.;  Hausrh    ^   i/imb  and  .Spencer,  O.bS  iriin.').     These  objectives 
give  their  best  results  only  when   used    with  the  cover-glass  and   tube 
length    for    wliicli    tl)ey   an*  corrected.      .\s    indicated   in  Fig.   53  the 
tulx!  length  extends  from  the  eye  lens  of  the  eye-piece  to   the  end  of 
the  lube  into  which  the  objective  or  nose-piece  is  screwed.    If  a  nose- 
piece  is  used  the  drjiw  tube  must  be  correspondingly  shortened.     If 
the  cover-glass  is  thinner  than  that  for  which  tlie  objective  is  coiv 
reeled,  the  tube  must  be  lengthened  to  obtain  best  results;  if  thicker.fl 
shortened.  ™ 

'Hie  more  exi>enstve  objectives  are  provided  with  adjustable  mounts 
by  which  Ihe  distance.*;  bctwern  the  lens  systems  mav  !«*  rhangcil  to 
compensate  for  difference  of  thickness  of  rover.  Thev  are  success- 
fully used  only  in  the  hands  of  an  expert.  One  of  them  out  of  adjust- 
ment is  worse  than  an  ordinary'  objective. 
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Exuaination  of  Bacteria  in  tli«  Hanging:  Drop. — It  is  ofteu  valuable  to 
obsen-e  bacteria  alive,  so  as  to  study  thcni  umler  natural  conditions. 
We  can  thiis  note  the  method  and  rate  of  their  nnilriplication.  the 
presence  or  alisenc^e  of  s]M>re  formation,  and  their  motiUtyin  fluids  and 
their  aj^ghitination  with  specifte  serums.  For  this,  special  slides  and 
mL-ih(»ds  are  desirable.  The  usual  fonn  is  one  in  which  there  is  ground 
out  on  one  surface  a  hollow  hiuing  a  diameter  of  alxiut  half  an  inch 
(Fig.  hi).    According  to  the  purpose  for  which  the  hanging  drop  is  to 
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Studied,  sterilizntion  of  the  slide  and  cover^glass  may  or  may  not 
be  necessarj'.  The  liauging  block  has  already  Ijeen  descril>ed.  The 
technique  of  preparing  and  studying  the  hanging  drop  is  as  follows :  'ITie 
surface  of  the  glass  an)und  the  hollow  in  the  slide  is  smeared  with  a 
Utile  vaselin  or  other  inert  sulwtance.  This  has  for  its  purjjose  both 
the  slicking  of  the  cover-glass  lo  llie  slide  and  the  piwention  of 
evaporation  in  the  drop  placed  in  the  little  chamber,  which  is  Xo  be 
formed  between  the  cover-glass  when  placed  over  the  hollow,  and  the 
slide. 

For  the  purpose  of  studying  the  bacteria  we  place,  if  they  are  in 
Huids,  simply  a  platinum  loopful  upon  the  centre  of  theco\'er-giassand 
then  invert  it  by  means  of  a  slender  pair  of  forceps  over  the  hollow  in  the 
slide,  being  very  careful  to  have  the  bacteria  over  the  very  centi-e  of  the 
spare.  If  the  baetrria,  on  the  conlrHry.  Hre  growing  on  solid  media,  or  are 
obtained  from  tliick  pus  t)r  tissues  from  organs,  they  are  mixed  with  a 
suitable  amount  of  }iouitlon  or  sterile  physiological  salt  solution  either 
before  or  after  being  placed  u[>on  the  cover-glass.  If  we  wish  to  observe 
the  bacteria  under  natural  conditions  we  must  keep  the  tiuy  drop  of  fluid 
at  the  proper  temperature  for  the  l>est  growth  of  the  l)acteria.  If, 
however,  we  simply  wish  lo  observe  (heir  form  atnl  arrangement  this  is 
not  necessary. 

In  die  alutly  of  living  bacteria  we  often  wish  to  observe  tlieir  group- 
ing and  motion  rather  thnn  their  indindiial  characters,  and  so  use  less 
magnifieation  than  for  staineil  Imetrria.  In  studving  ntislnincil  bsic- 
Irria  and  lissues  we  shut  olT  as  large  a  jinrtion  of  tlip  liglit  with  our 
diaphragm  as  is  compatible  with  distinct  vision,  and  thus  fa\or  con- 
trasts which  appear  as  lights  and  shadows,  due  to  the  differences  in 
Hght  transmission  of  the  ditTcrenc  materials  under  e.\auii nation.  It  \& 
neccssarj-  to  rcmemlMT  that  they  are  seen  with  difficulty,  and  that  we 
are  very  apt,  unless  extrt'im-ly  careful  in  focusing,  to  allow  the  lens 
to  go  too  far,  and  so  come  u[>on  the  cover-glass,  break  it,  ilestniv  our 
preparation,  and,  if  examining  parasitic  hiicleria,  infcet  the  lens.  This 
mav  lie  avoided  by  first  finding  the  hanging  ilroj)  with  a  low-power  lens 
ind  thus  exactly  centre  it.    The  lens  of  higher  magnification  is  now 

0 


PHiyCiFLES  OF  BACTERIOLOGY 


very  f^aduaily  lowered,  while  at  tlie  same  lime  gentlv  inoving  the  slide 
bock  anil  forth  to  the  slightest  extent  possible  with  the  left  hand.     If 
any  n-sisiance  is  felt  the  lens  should  lie  raised,  for  it  has  gone  heyond     , 
the  point  of  forus  and  13  touehinf;  the  cover-glass.  fl 

Testing'  AgglatiiifttiT«  Properties  of  S«mm.— By  a^/rlutlnation  is  nicant^ 
the  ag^re^^atioti  into  ehjiiip5  r»f  iinifonnlv  t!iK{)o,<(eH  bacteria  in  a  fluid; 
by  sediineiiTAiinn  tlie  fonnatioii  of  a  de|>osit  comiMwed  of  such  clumps 
when  (lie  fluid  is  alkiwetl  to  sionil;  sedinienlalion  is  thus  tlie  naked-e\'e 
evidence  uf  agghitinatioii.  ■ 

The  blood  serum  of  animals  is  found  to  acquire  the  clumping  power 
fur  almost  every  variety  of  motile  bacteria,  and  for  many  non-raotile 
fonns  after  infection  with  that  variety. 

In  order  to  help  the  student  to  thoroughly  understand  what  com- 
prises a  reaction,  SVilson  pre]>ai>'d  a  set  of  drawings,  which  are  here 
reproduced.    The  culture  U>  be  tested  should  l>e  of  about  twen^  hours*j 
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growth,  either  in  bouillon  or  on  njipir.  If  on  the  latter  a  suspension 
is  niatle  in  Ijroih  (ir  n<iruml  .salt  Hiilution.  A  loopful  of  tlic  fluiil  con- 
taining the  bacteria  is  placed  onjtlie  cover-glass,  and  to  it  an  equal 
quantity  of  the  scrum  dilution  is  atldeil. 

In  making  the  hanging  drop  to  \te  examined  it  is  necessary  to  have 
it  of  sucli  a  ilejilh  that  it  will  show  nt  Icafit  three  focal  planes,  otherwise 
the  examinaiinn  will  l>e  ineuniplete  and  unsali.s factory.  The  moist 
chamber  mii:st  Iw  well  sealeil  by  vaselin  so  as  to  prevent  drying,  and 
kept  at  a  temperature  of  at  least  20°  ami  not  over  35"*  C. 

Fig.  5S  shows  a.  microscopic  field  of  the  top  of  a  hanpng  drop 
of  a  normal  iKniiiltm  culture  of  typhoid  budlU.  The  culturi-  is  twenty 
hours  old  and  the  organisms  are  fre<-ly  motile.  This  represents  the 
control  drop  use<l  fur  comparison  with  the  drop  of  tlie  same  culture, 
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which  has  btn-n  added  a  little  of  the  blood  of  a  person  suspected  to 

have  typhoid.    Note  these  points  in  Fig.  5S :  the  organisms  are  evenly 

diatributcfl  tliroughout  the  field,  except  at  the  edge  of  the  drop,  where 

they  are  gatliered  in  great  numbers;  they  show  great  activity  here. 

seemingly  trying  to  crowd  to  the  very  edge.    This  attraction  is  probably 

(ue  to  the  action  exerted  on  the  organisms  by  tlie  oxygen  in  the  air, 

rhich  naturally  exerts  positive  cliemotaxis  on  all  aembic  organisms. 

Fig.  50  shows  a  cro^ts-nection  of  the  drop  represented  in  Fig.  iJ-S.  and 

will  be  noticed  that  the  bacilli  are  evenly  distributed  throughout  the 

)p,  exctipt  at  one  place  in  the  focal  plane  a,  and  again  in  the  focal 

>lane  c. 

It  sometimes  hap[>ens  that  there  is  a  substance  adhering  to  a  sup- 
posedly dean  cover-glass  which  attracts  the  bacilli  to  that  point,  where 
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ey  appear  as    fairly  well-defined  clmnps,  more  or  less  like  the  true 

lumps   due  to  the   agglutinating  substance  in   tj-phoid   blood.     The 

icrease  in  organisms  at  the  bottom  of  the  drop  in  the  focal  plane  c  is 

ily  accounted  for  by  the  fact  that  gravity  naturally  carries  the  dead 

uon-motilc  organisms  to  the  bottom,  these  frequently  assuming  the 

character  of  clumps. 

If  a  field  can  he  found  in  any  focal  plane  of  tlie  hanging  drop  free 
from  clumps,  one  can  be  quite  sure  that  any  clumping  present  is  not 
due  to  any  agghilinating  substance  which  neci^ssarily  will  affect 
organisms  in  every  focal  plane. 

Fig.  (Ml   sIkiws  the   microscopic   appearance  of  the  top  nf  a  drop 

rbere  the  reaction  is  present.    Notice  first  that  the  organisms  have  been 

kWTi  together  in  groups  anrl  that  the  individuals  of  each  group  appear 

"to  be  loosely  held  ttjgether.     Viewed  under  the  microscope  these  clumps 

prartically  quiescent,  there  Ix'ing  very  little  movement  either  of  the 

idifidiial  organisms  or  of  the  clump  as  a  whole.    The  edge  of  the  drop 


84 


PRISCIPLES  OF  BACTERIOLOOY 


ia  praftically  free  from  organlsins,  showing  that  the  air  no  longer  exerts 
any  influence  on  them. 

Fig.  Gl  shows  a  cwsgscdwii  of  the  hanging  drop  shown  in  Fig.  00. 
The  eliinips  are  e*enly  distributed  throughout  the*  drop,  with  jH-rhaps 
SOQie  increasL-  in  (he  numl>ers  and  compactness  of  the  clumps  at  the 
bottom. 

Fig.  62  shows  the  microscopic  appearance  of  the  top  of  a  hanging 
drop  of  a  lM>nilli>ti  culture  to  which  has  heen  adiled  some  hinod  of  a 
patient  suffering  from  a  f^^brile  condition  not  caused  bv  tvphnid  infec- 
tion, but  which  p.xerts  a  sU^t  noii-siufific  influence  on  the  typhoid 
organisms.  It  will  he  seen  that  the  reaction  is  incomplete  and  that 
there  arc  many  organisms  at  the  edge  of  the  drop.  The  air  exerts  the 
same  influence  t»n  the  bacilli  that  it  did  before  the  adrhtion  of  the 
blood.  Note  the  character  of  the  clumps,  generally  small  and  cc-m- 
pact  at  the  centre,  with  the  bacilli  at  the  edge  of  ihe  clump,  usually 
attached  l>y  nne  end  cmly. 
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Ver)'  frequently  these  clumps  have  the  appearance  of  being  built 
up  around  a  piece  of  detritus  present  in  the  clump.  ^^\  the  organisms 
comprising  the  clump  acem  to  have  retainetl  part,  at  least,  of  their  _ 
motility,  those  on  the  edges  l>eing  particularly  motile,  so  far  as  their  ■ 
free  ends  are  concerneil. 

When  motility  is  very  much  inhibited  these  clumpis  have  ft  peculiar 
trembling  movement,  which  is  like  the  molecular  movement  described 
by  Brown. 

Fig.  63  shows  a  cross-section  of  the  drop  reprcsentetl  in  Rg,  62. 
Note  the  sanie  cliaraclcr  uf  the  clumps  in  every  focal  plane:  the  large 
number  of  motile  bacilli  and  the  number  attracted  to  the  edge  of 
drop  by  the  air. 


CHAPTER  YIL 

VITAL  PHENOArENA  OF  BACTEai  A -MOTION.  HEAT,  AND  LIGHT 
PRODUCTIOX-CHEMICAI,  EFFECTS. 


Motility. — Many  bacteria  when  examined  under  the  microscope  are 
seen  to  exhibit  active  movements  in  fhtitls.  The  movements  are  of  a 
varying  character,  being  described  as  rotary,  uridulatory,  sinuous,  etc. 
At  one  time  they  may  be  slow  and  shiggisli,  at  another  so  rupid  that 
any  detaik-d  observation  is  impossible.  Some  bacteria  are  very  acti^r 
in  their  movements,  diHercnt  individuals  progressinfi  rapidly  in  differ- 
ent direeliuns,  while  with  many  it  is  difficult  to  say  positively  whether 
there  is  any  actual  motility  or  whether  the  organism  shows  only  molec- 
ular movements— so-ealled  "Brownian"  movements — a  dancinp,  trem- 
bling motion  possessed  by  all  finely  divided  organic  particles.  Very 
young  cultures  in  neutral  nutrient  bouillon  should  be  examined  at  a 
temperature  suitable  for  their  best  growth.  Not  all  species  of  bacteria 
wliieh  have  flagella  exhibit  at  all  times  spontaneous  movements;  such 
rmovemeuts  may  be  absent  iu  certain  culture  media  and  at  too  low  or 
'too  high  temperatures,  or  of  either  an  insutficieiit  or  excessive  supply 
of  oxygen. 

Gh«motazis. — Some  chemical  substances  seem  to  exert  a  peculiar 
Bttrartion  for  barteria,  known  as  positive  ch^notaxu,  while  others  repel 
them — negative  ckenwtaxii.  Moreover,  all  varieties  are  not  affected 
alike,  for  the  same  substances  may  exert  on  some  bacteria  aii  attraction 
ttod  on  others  a  repulsion.  Oxygen,  for  example,  attracts  aerobic  and 
repels  anacmbie  bacteria,  and  fur  each  variety  there  is  a  defintte  propor- 
tion of  oxygen,  which  most  strongly  attracts.  The  chemotaetic  proper- 
ties of  substances  arc  tested  by  pushing  the  open  end  of  a  fine  capillary 
tube,  filled  with  the  suh.stAnee  to  l>e  tested,  into  tlie  edge  of  a  drop  of 
culture  Quid  containing  bacteria  and  examining  the  hanging  drop 
under  the  microscope.  We  are  able  thus  to  watch  the  action  of  tlw 
bacteria  and  note  whether  they  crowd  about  the  tube  opening  or  are 
repelled  from  it.  Ajnnng  substances  showing  positive  chemotaxis  for 
nearly  all  bacteria  are  pejitoiie  and  urea,  while  among  thf»se  showing 
negative  chemotaxis  are  alcohol  and  many  of  the  metallic  salts. 

Prodaction  of  Li^ht. — Bacteria  wliicli  have  the  property  of  emitting 
light  arc  quite  widely  distributed  in  nature,  particularly  in  media  rich 
in  salt,  as  in  sea-water,  salt  fish,  etc.  Many  of  thestr,  chiefly  bacilli  and 
spirilla,  have  been  accurately  studied.  The  emission  of  light  is  a  prop- 
erty of  tlie  living  protoplasm  of  the  bacteria,  and  is  not  usually  due  to 
the  oxidation  of  any  pliotogenie  substance  given  off  by  them;  at  least 
only  in  two  instances  has  such  substance  been  claimed  to  have  been 
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isolated.  Every  a$[t'nt  which  is  injurioufi  to  the  existence  of  the  bacteria 
aiTects  this  property.  Li^-ing  bacteria  are  always  found  in  phosphor- 
escent cultures;  k  fihered  culture  free  fn>n)  j^rms  is  invarialily 
non-phusphoresceiit;  but  while  the  or^anisui  cannot  emit  lij;lit  (.-xefpl 
during  life,  it  can  live  without  cinitling  light,  as  in  an  atuiosphere  of 
carbonic  add  gas,  for  instance.  They  are  best  gn>wn  under  free  access 
of  oxygen  in  a  culture  medium  prepared  by  boiling  fish  in  sea-water 
[■or  water  containing  '.i  per  rent,  sea-salt),  to  which  1  per  cent,  peptone, 
]  per  cent,  glycerin,  ami  0.5  per  rent.  as|niragin  are  arltled.  Kven  in 
this  medium  the  power  (if  emitting  hght  is  soon  lost  unless  (he  organ- 
ism is  constantly  transplanted  to  fresli  ineilia. 

Thermic  Effects. — ^The  production  of  heat  by  bacteria  does  not  attract 
attention  in  our  iisual  cultures  because  of  its  slight  amount,  and  even 
fermenting  cidture  li<]uids  with  abundance  of  bacteria  cause  uo  sensa- 
tion of  wamnth  when  touched  by  the  hand.  Careful  tests,  however, 
show  that  heat  is  produced.  The  increase  of  temperature  in  organic 
suUstanees  when  sloreri  in  a  moist  condition,  as  tobacco,  hay,  manure, 
etc..  is  one  partly  at  least  due  to  the  aetion  of  bacteria. 

Obemical  Effects. — The  proces.*5es  which  liodics  iH'ing  split  up  un<Iergo 
dejiend,  first,  on  the  chemical  nature  of  the  bo<lies  involved  and  the 
conditions  under  which  they  exist,  and.  secondly,  on  the  varieties  of 
bacteria  present.  A  complete  description  of  these  chemical  changi-s 
is  at  present  imi>ngsibie.  (Chemists  can  as  yet  only  enumerate  some  of 
the  final  substances  evolved,  and  descril>e,  in  a  few  cases,  the  manner 
in  which  they  were  produced.  Hacteria  are  able  to  construct  their  Ixidy 
substance  out  of  various  kinds  of  nutrient  materials  and  also  to  pro- 
duce fermentation  pnxbicts  or  puisous.  ami  thev  are  able  to  ilo  these 
tilings  either  analytically  or  synlheticnily  with  almost  equal  ease.  This 
ambidextrous  metabolic  power  exi.sls,  acconling  to  Hneppe,  among 
bacteria  to  an  extent  known  as  yet  among  no  other  living  things. 

In  the  chemical  building  up  of  their  Ixtdy  substance  we  can  distin- 
piiah,  as  Hiicppc  concisely  puts  it.  several  groups  of  phenomena: 
Polymerization,  a  sort  of  doubling  up  of  a  simple  compound;  s\-nthesis, 
&  union  of  different  kinds  of  simple  compounds  into  one  or  more  com- 
plex substances;  formation  of  anhydride,  by  which  new  substances 
arise  from  a  compound  through  the  loss  of  water;  and  re<luclion  or 
loss  of  oxygen,  which  i.s  brought  about  especially  by  the  entrance  of 
hydrogen  into  (he  molecule.  The  bn-aking  dtiwn  nf  organic  b4)dies  of 
complicated  molecular  structure  into  simpler  combinations  takes  place, 
on  the  other  hand,  through  the  loosening  of  the  bonds  of  polymeriia- 
tion.  through  hydration  or  entrance  of  water  into  the  molecule,  and 
tlu'ough  oxidation. 

The  chemical  effects  which  take  place  from  the  action  of  bacteria 
are  greatly  influenced  by  the  presence  or  absence  of  free  oxygen.  The 
access  of  pure  atmospheric  oxygen  makes  the  life  processes  of  most 
hacteria  more  easy,  but  is  not  indis]>ensable  when  available  substances 
are  present  which  can  he  liroken  up  with  sufficient  ease.  The  standard 
of  availability  is  very  dilferenl  for  different  bacteria. 
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In  the  prr-sencc  nf  oxygen  some  of  the  decomposition  products  that  are 
formed  bv  the  attack  of  the  anaernbic  bacteria  are  further  ileromposed 
and  oxi(!i?,ed  bv  the  aeroI«'s;  ihev  are  ihcrebv  n'luk'n'd.  as  a  rule,  inert 
anti  cxm.se«]iiently  harmless.  Some  bacteria  have  adapted  themselves 
lo  the  exclusive  use  of  iMinpnnnd  ujtygen,  using  those  cduipoiiiids  frnmM 
whicli  oxvj^en  can  Ix*  oljtuincd.  and  utliers— the  obh^atory  anuerobesVj 
— are  able  to  live  only  in  the  presence  of  free  oxygen.  The  facts  of 
ana^robiosis  are  of  great  iinjmrtance  to  technical  biolog)'  and  to  path- 
ology. Many  para-sitic  barteria  are  found  to  pnxhice  far  more  poison 
in  the  absence  of  air  than  in  its  presence,  'i'he  following  three  t\'pes 
of  cheiniciil  activity  can  lie  separated:  1.  The  bacteria  lievelop  their 
tissues.  2.  The  bacteria  prottuce  and  libenite  ferments  or  enznnesj 
which  tend  lo  make  the  fooilsmff  in  their  iieighlMirliniHl  more  aJ^imi- 
Udile.  3,  Tlie  bacteria  i)>iHiriiilHte  substance  ami  lilierate  It  uhangeil  lol 
other  material.  These  changes  may  be  due  to  ferments  retained  in 
the  cells. 

7ermeDtatioo. — The  term  fermentation  is  differently  used  by  different 
author;*.  Some  call  ever*-  kind  of  decomposition  due  to  l>actcria  or 
their  pi-o<lucts  a  fernieniarion,  speaking  thus  of  the  putrefactive  fermen- 
tation of  albuminous  substances;  others  limit  ijie  term  to  the  pn»cesa 
when  accompanied  by  the  nsible  production  of  gas;  others,  again, 
take  femientation  lo  mean  only  the  decomposition  of  carlwhydralea, ' 
with  or  without  gas-production. 

Fenueiilation  itiay  Ix^  defined  as  a  chemical  decom|.K)sition  of  aa 
organic  compound,  induce*!  by  the  life  processes  of  living  organisms 
(organized  fermentsj,  or  by  chemical  substances  thrown  off  from  the 
bacteria  (unorganized  or  chemical  ferments  or  enzymes).  In  the  first 
the  action  is  due  to  the  life  processes  necessary  for  the  growth  of  the 
organisms  producing  the  fennent,  as  in  the  fnmialion  of  acetic  add 
from  alcohol  by  the  action  of  tlie  vinegar  plant,  and  in  the  second  the 
enzyme,  either  within  or  outside  of  the  organism  and  having  no 
direct  connection  with  the  growth  of  the  organism,  causes  a  structural 
change  without  losing  its  identilv,  as  in  digestion.  E.  Buchner 
Hierichtr  d.  Dtutmh.  rlicm.  Oefcllich..  xxx.  117  1_»4  and  1110-1113) 
has  shown  tliat.  even  in  those  cases  of  fermentation  in  which  foniierly 
it  was  l>elieve<J  the  organizc^d  cell  itself  waj*  necessarily  concerued,  the 
cell  protoplasm  s<|ueezed  from  its  capsule  is  able  to  cause  the  samei 
changes  as  the  organized  cells.  'Hiis  brings  fermentation  by  unoi^can-' 
ize^l  and  orgunized  fennent.s  ver\'  closelv  together,  the  one  being  a  sub- 
stance thrown  off  frnm  the  cell,  the  other  a  sidisiiiiicr  unlinarily  retained 
in  the  i-ell.  The  increase  of  both  ceases  with  the  deuth  of  the  bacteria 
producing  them.  The.se  enzxTnea,  even  when  present  in  the  most 
minul<'  (Quantities,  have  the  power  of  splitting  up  or  deeoniposing 
complex  organic  compoun<ls  into  simpler,  more  easily  soluble  and 
diffusible  ui()lecules.  The  changes  thus  made  may  greatly  aid  in 
rendering  the  foodstuff  suitable  for  bacterial  growth.  We  can  only  _ 
speak  of  chemical  ferments  when  it  can  )>e  demonstrate^i  that  the  M 
femientation  continues  in  the    aksence  of  all    liWng   bacteria.    This 
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lay  be  accompli sheij  by  the  addition  of  clisinfectants— 
chlorofonii,   ether,   etc.— tn   the   cultures  or  bv  filtration. 

CuAKACTF-RisTics  OF  Fkiuiksts. — Feriiifiils  nrv  uoii-dialyzablc. 
ley  withstand  moderate  dry  heat,  but  ftre  usually  destroyed  in 
■ry  solutions  by  a  temixralurf  of  over  7Q°  C.  Thtv  arc  injured 
•arids.  especially  the  inor/favir  ones,  but  arc  resistant  in  all  aliifllics. 
simple  example  of  bacterial  fermentation  of  corljohyd rates  produced 
iy  an  en2\Tiie  is.  lliat  of  grape-sugar; 
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Far  less  common  is  oxidizing  fermeutation,  as  in  the  production  of 
■cctic  acid  from  alcohol.  Here  the  energy'  is  acquired  not  by  the 
decomjM)sition   but  by  the  oxidation  of  the  alcohol. 

The  proteoljrtic  or  peptonizing  ferments  wliich  are  somewhat  anal- 
o^us  to  trypi^in — being  capable  uf  changing  albuminous  bodies  into 
soluble  and  ditTusible  subsianccs^ — are  very  wirlely  distributctl.  The 
lit|ut*f action  of  gelatin,  which  is  chemically  allied  to  albumin,  is  due  to 
the  presence  of  a  pniteolvtir  feniient  or  Irypsiii.  The  productiiui  of  pro- 
teolytic ferments  bv  dilTerent  cultures  of  the  same  varieties  of  bacteria 
varies  considerably— far  more  than  is  generally  supposed.  Even  among 
the  freely  liquefying  bacteria,  such  as  the  cholera  spirillum  and  the 
staphylococcus,  poorly  liquef>ing  varieties  have  been  repeatedly  found. 

ese  oltservations  have  detracted  con.siderably  from  the  value  in  cul- 
ires  of  the  pniperty  of  litiiiefxTng  gel«liii  ji.s  a  |K>silive  diagiKJ.siic  char- 
acteristic. Most  conditions  which  are  unfavorable  to  the  growth  of 
bacteria  seem  to  inlerfcre  also  with  their  lirjut^fung  power. 

Certain  bilter-tasting  pro<lucts  of  decomposition  are  formed  by 
liqucfdng  bacteria  in  metlia  containing  proteid,  as,  for  example,  in  milk. 

Dlastatic  fermenta  cimvcrt  starch  into  sugar.  That  these  are  pro- 
duced by  bacteria  is  shown  by  mixing  starch  paste  with  cultures  to  the 
resulting  mixture  of  which  th\-mol  has  been  added,  and  keeping  the 
(ligpj^tjon  for  six  to  eight  hours  in  the  incubating  oven;  then,  on  the 
addition  of  Fehling's  stfhitiun  and  heating,  the  reaction  for  sugar  appears 
— the  red  dish -yellow  prectpitale  due  to  the  reduction  *if  the  copper. 
Bacteria  may  Ik*  din-etly  tested  for  sugar  also  by  Ixiiling  potato-broth 
cultures  and  using  the  extract- 

iDverting  fermeats  (that  is.  those  which  convert  polysaccharides  into 

onosaccharides)  are  of  verv  freipient  occurrence.     Bacterial  invertin 

thstands  a  tcmpcratun.-  of  UKI°  C.  for  more  than  an  hour,  and  is 
iiiced  in  culture  media  free  from  proteid.    For  more  details  a.s  to  the 

tion  of  ferments  nn  sugars  see  chapter  on  the  culou-typhoid  groups. 
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Reimin-llk«  fennents  (subatances  having  the  power  of  coagulating  milk 
with  neutral  reaction,  independent  of  aridsf  are  found  not  infrequently 
among  bacteria.  The  11.  prodigiosus,  for  iiislaace,  in  from  one  to  two 
days  coagulates  to  a  suliil  mass  milk  which  has  been  stentized  at  55^ 
to  60°  C.  These  fennents  Imve  nut  l)een  thoroughly  investigated;  they 
are  prohahly  present,  however,  m  all  species  of  liactena  which  coagu- 
late milk,  even  though  the  orgimistus  alw  produce  acid. 

Fermentation  yields  products  that  are  poisonous  to  the  ferment; 
hence  fermentation  ceases  when  the  nutriment  is  exhausted  or  the  fer- 
mentation is  in  excess.  Different  kinds  of  fermentation  obtain  specific 
names,  according  to  the  products,  'i'hus  acetic,  neldiug  acetic  acid ;  aleo- 
fmlic  or  niioitx,  vielihng  alcohol;  aiinmmlarai,  yielding  ammonia;  amylic, 
yielding  amyllc  alcohol;  benzoic,  yielding  benzoic  acid;  buiyric,  yielding 
butyric  arid;  iaclic,  yielding  lactic  acid;  and  i'MtJf>tiJ»,  yielding  a  gummy 
mass. 

PigmoDt  Production. ^Pigments  have  no  known  importance  in  con- 
nection with  (hsease,  but  are  uf  interest  and  have  value  in  identifying 
bacteria.    Their  chemical  composition  is  not  generally  kno^vn. 

Red  ANT)  Yeli-ow  Pigsientb. — Of  the  twenty-seven  red  and  yellow 
bacteria  studied  by  Sebneider.  alnii>st  all  pmduce  pigments  soluble  in 
alcohol  and  insoluble  in  water.  The  larger  majority  of  these  possess 
in  common  the  pm|H*rty  of  Ijeing  colored  blue-gre«'n  by  sulphuric  acid 
and  red  or  orange  by  a  solution  of  potash.  Tliougli  varynng  considei^ 
ably  in  their  chemical  composition  and  in  their  spectra,  they  may  be 
classifictl.  for  the  most  ])art.  among  that  large  gr(Ui]>  of  jilgments  com- 
mon to  both  tlie  animal  and  vegetable  kingdoms  known  as  lipochroma, 
and  to  which  belong  the  pigments  of  fat,  yolk  of  egg,  the  carotin  of 
carrots,  turnips,  etc. 

Violet  I'igmexts. — Certain  bacteria  produce  violet  pigments,  also 
insoluble  iti  water  and  soluble  in  alcohol,  but  insoluble  in  ether,  benzol, 
and  chlonjforui.  These  are  colored  yellow  when  tn*ati-il  in  i»  dry  state 
with  sulphuric  acid  and  emerald-green  with  potaah  solution. 

Blue  pigments,  such  us  the  blue  pyiK-yatiin,  an-  also  produc*il  by 
the  3o-calle<I  fluorescent  bacteria,  along  with  a  pigment  named  bac- 
teriuflLiorescin.  In  cultures  the  tluorcsocnce  is  at  first  blue;  later,  as 
the  cultures  become  alkaline  it  is  green. 

Numerous  investigations  have  been  made  to  delennine  the  cause  of 
the  variation  in  the  ehroniogenic  function  of  bacteria.  All  conditions 
which  are  unfavorable  to  the  growth  of  the  bacteria  decrease  the  pro- 
duction of  pigment,  as  cultivation  in  unsuital>le  media  or  at  too  low 
or  too  high  a  tem[xTature,  etc.  The  B.  pnidigii«iis  produces  no 
pigment  at  37°  C.  and  when  transplanted  at  this  tem|H'rature,  even 
into  favorable  media,  the  |iower  of  pigment  production  is  gradually  lost. 
B.  pyocyaneus  does  not  produce  pigment  uuder  anaerobic  conditions. 

Ordinarily  colorless  species  of  bacteria  sometimes  produce  pigments. 
Thus  yellow  colonies  of  the  pneuraococcus  have  been  ol)Scrved,  and 
colored  varieties  of  the  streptococcus  pyogenes.  Occasionally  colored 
and  uncolored  colonies  of  the  same  species  of  bacteria  may  be  seen  lo 
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occur  side  hy  siile  in  one  plate  culture,  as,  for  example,  the  staphyli 
coccus  pyogenes. 

Alkalina  Products  and  ths  Fermentation  of  Urea.— Ai-robic  bactet 
always  produci"  alkaline  products  from  albuuiiuous  sul>stances  iu  cul- 
ture meflia  free  from  sugar.  Many  species  of  bartei-ia  produce  acids 
in  the  presence  of  sugars,  which  explains  the  fact  that  neutral  or  slightly 
alkaline  hmth  often  i)ecomes  acid  at  first  from  the  fermentation  of  the 
sugar  contained  In  the  meat  use*]  for  itmking  tlie  merlin.  When  the 
sugar  is  used  up  the  ri-action  often  heeontes  alkaline,  as  the  production 
of  alkalies  continues.  The  substances  producing  the  alkalinity  in  cul- 
tures are  chiefly  ammonia,  amine,  and  the  ammonium  bases. 

The  conversion  of   urea   into  carhimate   of   ammonia   affords  ai 
example  of  the  productiuu  of  alkaline  substances  by  bacteria; 
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The  power  of  decomjxjsing  urea  is  not  widespread  among  bacteria. 
Of  sixty  species  investigated  by  Lehman,  three  only  developed  the  odor 
of  ammonia  from  sterilized  human  urine. 

Ptomaini. — Nencki,  and  then  later  Itrieger,  Vaughan,  and  others,  suc- 
ceeded in  preparing  organic  bases  of  a  definite  chemical  composition  out 
of  putrefying  fluids — meat,  fisli.  old  cheese,  and  milk — as  well  as  from 
pure  bacterial  cultures.  Some  of  tliese  were  found  to  exert  a  poisonous 
effect,  while  others  were  harmless.  Tlie  ])03son.s  may  he  present  in 
(he  decompfjsiug  cadaver  (hence  the  name  ptunmin.  from  rrt'tfiaf 
putrefaction),  and.  in  consequence,  have  to  be  taken  into  considera- 
tion in  ((uestions  of  legal  medicine.  They  may  Ix^  formed  also  in  the 
Uving  human  body,  and,  if  not  made  harmless  by  oxidation,  may  come 
to  act  therein  as  self-poisons  or  leucomains.  They  are  now  known 
not  to  be  the  substances  which  excite  the  specific  poisonous  effects  of 
bacteria.  The  latter  are  easily  destroyed  by  heat,  and  have  entirety 
different  ehara(rlerislics. 

Many  ptomains  are  known  already  and  the  elementary  composition 
of  each  made  nut,  and  amnng  tJicm  are  some  whose  exact  eheitiieal  con- 
stitution is  established.     Especially  interesting  is  the  substance  catla- 
x-erin,  which  was  separated  by  Brieger  from   portions  of  decomjwsing 
dead    bodies  and   from  cholera   cultures,  by  reason  of   the   fact   that 
Ijadeiibnrg  prepared  it  synthetically  and  showed  it  to  be  pentame- 
Xbylenediamin  [(NlljjjfCUjjJ.    The  cholin  group  is  particularly  inter- 
esting.   Cholin  itself  (C'jH.jNOj)  arises  fnmi  the  hydn>lylie  breakiug-up 
of  lecithin,  the  fat-like  substance  found  in  the  lirain  and  other  nervous 
tissue.     By  the  oxidation  of  cholin  there  can  be  produced   the  highly 
toxic  muscarin,  found  by  Schmiedeberg  in  a  poisonotis  toadstool  and 
by  Brieger  in  certain  decomposing  substances: 


I 


ChoUu. 


o 


The  ptnmain   tyrotoxicon   was  obtained  from  cheese,  milk,  and 
cream  by  Voughan. 
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Fvocvaiiiii  (C„H,,N,()),  which  pnjiduops  the  culor  of  blue  ur  hhic- 
green  pus.  is  h  ptomninic  pij-mpiit.  Similar  bodies  of  n  basic  nnlure 
mav  )h.'  fennel  in  the  tiitcstiiial  itjniciiis  iis  the  pruducts  of  buctcriHl 
decomposition.  Some  of  these  are  poisons  and  can  be  absorbeci  into 
the  body.  Some  belit-vc  the  s\-mpti)ms  ilesif»nated  as  coiua  and  tetany 
may  l)e  n.scnl)eii  tn  the  absorptinn  of  substances  of  this  nature.  Since 
the  name  ptomain  was  piven  to  the  poisonous  prothicls  of  ttacterial 
gmwth  lH*fi)re  these  pr<«hicts  were  rliemically  iniderstood  it  is  l>y  many 
wrongly  applied  to  all  fKit.sons  found  in  foo<l,  as  in  cases  of  |H>isoning 
due  to  decomposing  meat  or  sausage  or  to  cheese  or  milk.  "ITiese  are 
sometimes  tnie  toxins  or  even  living  baclcna. 

The  i.solntion  of  these  substances  can  here  l)e  only  briefly  referred  to. 
According  to  Briepcr's  method,  which  is  the  one  now  generally  em- 
ployed, the  cultures  having  a  slight  acid  reaction  (HCI)  are  boiled  <lown. 
filtereil,  ami  the  filtrate  concentrated  (o  a  syrupy  consistency,  dissolved 
in  9(i  per  cent,  alcohol,  puriHed  and  precipitated  by  means  of  an  alco- 
hnlic  solution  of  bichloride  of  mereury. 


THE  MORE  OOMPLIOATED  PROTEID  POISONS. 

These  are  divided  into  bacteriHl  proteins,  toxins,  and  endotoxins. 

Bacterial  Proteins.— Tliese  sidjstaiiec-M  htv  bacterial  poisons  which  are 
little  or  not  at  nil  specific,  that  excite  fever,  inftariuniitiun.  and  suppu- 
ration, and  resist  the  boiling  temperature.  They  are  usually  cxtmcti'd 
by  boiling  cultures  in  0..>  [»cr  i-ent.  sodium  hyilratc  solution.  Tlie  pro 
teins  arc  precipitated  in  weak  acid  soliitiotw.  Tttljerrriltn  is  the  most 
important  of  the  group;  mallehi  is  another. 

I.ike  niallein,  according  to  Huchner  am!  Homer,  all  hactetial  proteins 
are  verv  similar  in  their  action,  and  Matthes  mainlanis  that  deutero- 
alhimioise,  which  is  obtained  by  the  action  of  pepsin  on  albumin  and 
has  no  conniftion  with  bacteria,  has  an  effect  tm  tuiw-rculous  ginnea- 
pigs  somewhat  similar  to  tulMTculin. 

Toxins.— To .xins  are  poisontnis  synthetical  pniduels  of  bacterial 
growl  h. 

1*l»e  exact  composition  of  lo.xins  has  not  as  yet  licen  discovered,  but 
it  is  l)eliev«l  that  they  are  of  proteitj  character.     At  first  all  the  to.xins 
were  supposed  to  l»e  albumins,  but  recently  some  of  the  most  important,  ■ 
such  as  tiio.<te  pn>du<-ed  by  the  tetanus  aiicj  diphtheria  bacilli,  liave  l>een  * 
shown  to  possess  characteristics  which  separate  them  from  that  class. 
Toxins  are  fonnt-d  during  the  growth  of  bacteria  in  media  containing 
nti  protcid,  but  more  abuiuiantly  when  it  is  present.    Toxins  an*  rlivided 
into  extracellular  and  intracellular  jM)isons.    Thus,  the  toxins  produced  I 
by  the  diphtheria  Hud  inanus  bacilli  during  their  growth  in  the  tissues  ' 
or  culture  media  are  largely  given  up  to  the  culture  fluid,  but  little 
remaining  in  the  bacterial  protoplasm,  while  the  toxins  clalwrated  by 
the  typhoid,  tulMTcle.  glanders,  anrl  colon  bacilli,  and  indeed  by  the 
majority  of  parasitic  and  saprophitic  bacteria,  are  largely  retained  in 
the  bodies  of  the  bacteria  until  tlieir  death  and  destruction. 
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Aniunj;  the  propt'rtifs  uf  tin-  rxtracpllnlar  (oxtns  are  the  follnwiiig: 
They  are.  so  far  as  known ,  uncr\-3tanizal>lt>.  and  ihusdifTcr  from  ptomaius ; 
thcv  arc  soluble  in  water  and  they  are  difliyzabie;  tbcy  arc  precipitaied 
aiontf  with  pmleids  by  concentrated  alcohol,  and  also  by  ammonium 
sulphate;  if  they  are  proteids  they  are  either  albimioses  or  allie<I  to  the 
albuniosps;  they  are  relatively  unstable,  having  their  toxicity  dimin- 
iaherl  or  destroyefl  by  heat  (the  degree  of  heat,  etc.,  which  is  destructive 
varies  much  in  different  cases).  Their  potency  is  often  altered  in  the 
precip!tH(i<ins  practised  1o  obtain  them  in  a  pure  or  con<i>ntrated  condi- 
tion, hut  among  the  precipitants  ammonium  sulphate  has  little  if  any 
harmful  effect.  RcpirdinR  the  intracellular  toxins  which  are  more 
intimately  associated  with  the  bacterial  cell  we  know  much  less,  but 
it  is  prohablc  that  their  nature  is  similar,  thouf;h  some  nf  them  at  least 
are  not  so  easily  iniiired  by  heat — >'•(/■,  in  the  case  of  the  product 
of  tubercle  bacilli.  In  the  case  of  all  toxins  the  fatal  dose  for  an 
animal  varies  directly  with  tlie  species,  body  weight,  age,  and  previous 
couditioiis  as  to,  e.  g.,  food,  tenijierature,  etc.  In  estimating  the 
linimal  lethal  dose  of  a  toxin  these  factors  must  l)e  carefully  con- 

The  following  is  the  methoci  usually  employed  for  obtaining  concen- 
trated extracellular  toxins.  The  toxic  fluid  is  placed  in  a  shallow  dish, 
and  ammonium  sulphate  or\-stals  are  well  stirred  in  till  no  more  dis- 
solve. Fresh  crvstals  to  form  a  bulk  nearly  equal  to  that  of  the  whole 
fluid  are  added,  and  thf  dish  is  .set  in  an  ineulmtor  at  ."i?"  ('.  (i>S.(>°  V.) 
OTcrnight.  Next  day  a  brown  scum  of  precipitate  will  \te  found  Honling 
on  the  surface.  This  contains  the  tn.xin.  It  is  skimmed  off  with  a 
Spoon,  placed  in  watch-glasses,  and  these  are  dried  in  iHtrwi  and  stored 
in  the  dark,  also  hi  iviewo,  or  in  an  exsiccator  containing  strong  sul- 
phuric acid.  For  use,  the  contents  of  one  are  dissolved  in  a  little 
Dormal  saline  solution. 

The  comparison  of  the  action  of  harteria  in  the  tissues  in  the  pro- 
duction of  these  toxins  to  what  takes  place  in  the  ga.<ttrie  digestion,  has 
raised  the  question  of  the  possibility  of  the  elaboration  by  these  bac- 
teria of  ferments,  by  which  the  pn)ct\ss  may  be  .started.  It  would  not 
prudent  to  dogmatize  as  to  whether  the  toxins  do  or  do  not  Iielong 
such  an  ilUlcfined  group  of  substances  as  the  ferments.  It  may  be 
>inted  nut,  however,  that  the  essential  concept  of  a  ferment  is  that  of 
body  which  can  originate  change  without  itself  lM:'ing  changed,  and 
e\*idenee  has  been  adduced  that  toxins  fulfil  this  condition.  ^\nother 
piDpertj*  of  ferments  is  that,  so  long  as  the  products  of  fermentation 
remnve<l,  the  action  of  a  given  amnuitt  of  fennent  is  indefinite, 
lin,  in  the  ca.se  of  toxins  no  evidence  of  such  an  oecummce  has  lieen 
louiirl.  A  i"ertain  anioimt  of  a  toxin  is  always  assoclateil  with  a  given 
amount  of  disease  effect,  though  a  process  of  elimination  of  wn.ste 
products  must  be  all  the  lime  going  on  in  the  ttiiimal's  body,  .\gain,  too 
much  importance  must  not  l>e  attached  to  loss  of  toxicity  by  toxins  at 
reUtivcly  low  temperatures.  Many  proteids  show  a  tendency  to  change 
at  such  temperatures;  for  instance,  if  rgg  albumen  he  kept  long  enough 
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at  55^  C.  nearly  the  whole  of  it  will  be  coa^ilated.  Such  considerations 
sugj];ost  that  tho  relation  of  toxic  action  to  fermentation  must  be  left  an 
open  ({Uestion. 

Similar  Vegetable  amd  Aniual  Poisons. — \V1tliin  recent  yi-are 
it  has  l>een  found  tlial  the  Itacterial  poisons  belong  to  a  group  of  toxic 
bodies  all  pa-Sfntitig  vt-r)-  siiniliir  pmprrtii-s;  othrr  infinlxTS  of  wliieb 
occur  widely  in  the  vegeta)))e  and  aniiual  kingdoms.  Among  plants 
the  best-known  examples  arc  the  ricin  and  abrin  poisons,  obtained  by 
making  water  eniulsiotis  of  the  seefis  of  the  Kicinus  enmntunis  and  the 
Ahrus  precaloritis  (je([uirity),  respectively.  The  chemiL-al  reactions  of 
riein  niid  abrin  rdrrt'spoml  hi  lliosi;  of  lht>  barierial  tiixiiis.  They  are 
soluble  in  water;  they  are  pntnpitable  in  alcohol,  but  being  less  easily 
dialyzable  than  the  alburat>sfs  they  have  been  called  toxalbmmns. 
Their  toxicity  is  seriously  impaired  by  Iwiliiig,  and  they  also  gradually 
become  less  toxic  on  being  kept.  Both  are  among  the  most  powerful 
poisons  kikown,  ricin  being  the  more  fatal. 

It  is  also  certain  that  the  poisons  of  scorpions  and  of  poisonous  snakes 
belong  lu  the  satne  grouj).  The  poisons  derived  frf)m  the  latter  are 
usually  called  veiiins,  and  a  very  representative  group  of  such  venina 
derivcil  from  different  spwies  has  IntMi  situlietl.  To  sjieak  generally, 
there  is  derivable  from  thi-  natural  sni-rftions  of  tlie  poison  glands  a 
series  of  venins  whifli  bavt*  all  the  reactions  of  the  bodies  previuusW  I 
considered.  Like  ricin  and  abrin,  they  are  not  so  easily  dialyzable  as  ' 
bacterial  toxius.  and  therefore  they  have  also  lieen  classed  as  titxalbu- 
mins.  While  up  to  the  present  we  have  not  been  able  to  discover  the 
exact  chemical  composition  of  any  toxin,  or  even  to  obtain  it  in  a  pure 
stale,  many  interesting  facts  U[Km  the  nature  of  toxins  have  been  dis- 
covered by  physiolngicftl  methods. 

Ehrllch'fl  Theories  as  to  the  Nattire  of  Extracellular  Toxins. — From  a 
large  iiiiinlMT  of  iriust  i-an-fiiily  (•ondunted  expt-rinienlS  with  the  toxin 
and  antitoxin  of  diphflicria,  Elirllch  has  formulated  a  theory  con- 
cerning the  constitution  of  the  former.  This  theory  has  undei^ne 
several  modifications  since  it  was  first  proposed,  and  it  is  difficult  to 
give  an  exact  statemenl  of  it  as  it  now  stands.  However,  we  will  attempt 
to  state  in  condensed  form  its  essential  points  a^  follows: 

"t'o-xins  and  antitoxins  neutralize  one  another  after  the  manner  of 
chemical  reagents.  The  chief  reasons  for  this  iM-lief  He  in  the  ohser\-ed 
facts:  («)  that  neutralization  takes  pla(r  inon*  raj)iclly  in  concentrati'd 
than  in  dilute  sohitions.  and  ft}  that  warmth  liastens  and  cold  retards 
neutruli/ation.  Kroni  tliew  observalious  Rhrljch  concludes  that  toxins 
and  antitoxins  act  as  clieniieal  reagents  do  in  the  formation  of  double 
salts.  A  molecule  of  the  poison  rc<)uires  an  exact  aiul  conslaDt  quan- 
tity of  ihc  antitoxin  in  order  to  produce  a  neutral  or  harmless  substance. 
This  implies  that  a  siM'cific  atomic  group  in  the  toxin  molecule  com- 
bines with  a  certain  atomic  group  in  the  antitoxin  molecule. 

The  toxins,  however,  are  not  simple  bodies,  hut  easily  split  into  other 
substances  which  differ  from  one  another  in  the  avidity  with  which  they 
combine  with  antitoxin. 
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These  derivatives  Khrlich  calls  prot«toxiiis,  deuterotoxins,  and  tri- 
lotoxins. 

All  forms  of  toxins  are  supposed  to  consist  of  two  modificatioDS, 
which  combine  in  an  equally  energi'tie  manner  with  antitoxin  or  with 
suitable  receptors  in  the  cells,  but  differ  in  their  resistance  to  heat  and 
other  destnictivc  agents. 

The  less-resistant  form  passes  rea*[ilv  Into  a  toxoid  substance  wliich 

has  the  sauic  attuutv  fur  the  antitoxin  or  the  cell  receptors  as  tlie  original 

toxin,  but  Is  not  poisonous.    The  facts  oliserved,  Ehrlich  thinks,  are 

best  explained  on  the  supposition  that  the  toxic  molecule  contains  two 

imlejM-ndent  ^mups  of  atoms,  one  of  which  may  be  designated  as  the 

plophoriius  and  the  (itluT  as  (lie  (nMipliorous  gmup.     Jt  is  by  the 

ion  of  (lit-  hnpiophorous  group  (hat  toxin  unites  with  antitoxin  or 

e  sensitive  cell  nioleeiile. 

The  toxophorous  group  is  tnistable,  but  after  its  destruction  the 
olecule  still  unites  with  the  antitoxin  or  the  sensitive  molecule  through 
its  retained  haptophomus  group. 

Specific  antitoxins  can  l)c  produced  not  only  with  toxins,  but  with 
xoids. 

Honlet  believes,  in  eonlradi-stinetion  to  Khrlich.  that  toxin  unite.**  in 
ditferent  multiples  \\\t\\  antitoxin,  so  tlial  the  toxin  molecule  may  have 
its  affinity  slightly,  piirtly.  or  wlmlly  satisfied  l\v  aiititoxin.     Sliglitly 
satisfied,  it  is  still  feebly  toxic;  combined  witli  a  larger  amount  of  anti- 
toxin, it  is  uot  toxic;  but  stilt  may.  when  absorbed  into  the  system,  lead 
to  the  production  of  antitoxin.     Fully  saturated,  it  has  no  |H)isonous 
■properties  and  no  ability  to  stimulate  the  production  of  antitoxin. 
Hf   The  most  important  of  the  extracellular  toxins  are  those  produced 
^'l>y  the    diphtheria    and    tetanus    bacilli.     'I'hese  arc  very  powerful; 
O.OOOOOOI  gram  of  the  dried  filtrate  of  a  tetanus  culture  will  frequently 
kill  a  white  mouse,  while  otie-lenth  of  that  amount  of  dried  diphtheria 
iiltrate  has  killed  a  guinea-pig. 

The  same  Imcterium  niHV  pmduee  several  entiifly  distinct  toxins, 
ihus,  according  to  Madsen  and  Ehrlich,  the  specific  tetanus  poison  con- 
^  sists  of  two  toxins,  tctanospasmin  and  tetanolysin.  To  the  first  of  these 
^Bhe  tetanic  convulsiona  are  due,  while  th«  second  has  a  h^enioKilc 
^Kction. 

^V   When  the  tetanus  toxins  are  placed  in  the  blood  tetanolysin  largely 
^^pombines  with  the  hlood  corpusr-les,  while  the  tetanuspasinin  couibinea 
with  the  nerve  cells.     Each  of  these  suhstauces  produces  in  animals  a 
specific  antitoxin.     To  obtaiii  diphtheria  and  tetanus  toxins  for  injection 
in  animals  the  bacilli  arc  gniwii  in  slightly  alkaline  beef-bwth  for  fmm 
seven  to  ten  days.    The  broth  is  then  filtered  and  preserve*].    Tetanus 
xin  is  produced  under  anaembie  conditions;  diphtheria,  tuider  free 
■ess  of  oxygen.     (J^ee  sptK'ial  chapters  )>n  these  bacteria.) 
Bact«rial  Endotoxins  or  Pretelds.  —The  bacterial  ]K>isons  which  reside 
the  iKidies  of  the  bacteria  are  mostly  yielded  up  only  after  the  death 
the  organisms.    Here,  iu  the  invaded  animal,  the  disease  eifects 
more  closely  associated  with   the  actual   presence  of    the    bacteria 
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ID  the  vicinity  than  in  the  case  of  the  extracellular  toxiiu.  These  sub- 
stance.** are  extmctetl  I>y  (he  melhod  ]tro|>rwe[l  by  Korh  and  Buchner, 
of  first  crushing  the  hncteiia  in  a  moist  or  dried  fundi(ii>ii,  and  then  of 
obtaining  their  r-onleiits  with  the  aid  purtly  of  tlie  hydraulic  press. 
In  this  way  a  larp?  series  of  impure  bacterial  pniteids  was  obtainetl, 
whicli,  though  differing  in  some  respect-*,  exhibited  mainly  (he  same 
proixTties. 

Altogether  ilifferent  from  these  poison  etfects  are  the  immunization 
processes  produceil  bv  the  cell  substances  of  bacteria,  whether  they  be 
obtained  from  bacterial  bodies  i>r  from  clieniical  preparations.  These 
processes  iiave  nothing  to  do  with  the  toxic  action  of  the  cell  proteids. 
but  rather  deiR'niI  upon  the  iiiinMlui-(ic»n  of  suitable  receptors  which 
give  rise  to  the  bactericidn!  pnjtective  powers — Ij'sin,  precipilin,  and 
agglutinin. 

For  the  present  we  may  assume  with  certainty  that  such  receptors 
exist  only  in  the  uncliangwl  bacterial  cells,  which,  like  cholera  \-ibrio, 
pneumococcus,  etc.,  give  up  in  toto  their  destructive  prowsses;  on  the 
other  hand,  we  may  .say  pi'etty  surely  that  forcible  extraction — that  is. 
production  of  chemical  proteid  preparation — so  changes  most  of  the 
atomieal  grouping  ihat  little  or  nn  bflctericidai  reaction  results  from 
their  introduction,  and  that  tliese  nlbuniinons  subslantrs  produce  only 
the  same  reaclioii  as  other  mitsirlc  albuminous  subslances^i. «..  the 
formation  of  a  specific  precipitin,  which,  however,  is  closely  allit^tl  to 
B^hitinin.  It  is  very  probable,  on  the  contran',  that  in  the  substance  ■ 
so  carefully  prepared  hs  Koch's  tuliercuUn  and  Buchner's  plasniin.  from 
the  tubercle  bacillus  and  the  cholera  Wbrio,  the  specific  receptors  may 
be  retained,  so  thai  these  preparations  produce  bactericidal  and  immimi- 
zatiun  processes. 

SuuUARV. — I.  One  group  of  bacteria  prmbiees  as  free  accretions 
true  toxins.  After  exlmction  of  this  soluble  |Hiison  there  remains  a  pure 
uusjH'cific  bacterial   residue.      Type:  diphtheria. 

2.  Anotlier  large  group  posscs.se.s  apparently  only  endotoxins,  true 
toxins  which  are  more  or  less  closely  l^ound  to  the  livitigi'cll,  and  which 
are  only  in  a  small  degree  separable  in  unchanged  condition  perhaps 
outside  of  the  body.  On  death  of  the  cell  they  iK'Come  partly  free. 
partly  remain  united,  ur  I>e4:ntne  .■Secondary  [unisonous  modifications 
no  longer  of  the  nature  of  toxins.  In  this  group,  therefore,  the  dead 
cell  biMJies  i-uiinot  he  i-ntirely  frcfd  without  residue  from  the  poisons; 
the  pure  proteiil  cannot  Ir*  clearly  iilentified  by  its  indi\idiial  action. 
With  this  re.servntion,  however,  the  proteid  action  can  be  demonstrated. 
Ty[K-:   cbolcra.  typlniid,  pncunnn'ocTUS. 

3.  A  third  group  yields  perhaps  no  true  toxins,  not  even  intraplas- 
matically.  The  cell  plasma  ctMitains  pois(ms  of  another  kind  which 
obscures  the  typical  prttteid  action.  Tyi>e:  anthrax,  lulK-rculosis. 
Possibly  by  further  Investigation  (Iroups  'J  and  3  may  be  unite<l. 

The  pyogenic  action  of  thi-ir  proteids  is  common  to  all  bacteria, 
this  depending  principally  upon  their  being  extraneous  albuminous 
sidKslances.     Pyogenic   effects  may  l»e  produced  in  like  manner   by 
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exirsimms  alliumins  of  non-hftcterial  origin.  That  every  extranrous 
albuminous  siilwlantr  is  liannful  tu  the  organism  wliicli  M*rks  to  n-sist 
its  action  is  shown  by  those  sjx'wBr  precipitating  ferments,  the  pre- 
cipitins, which  arv  produced  in  the  organisnis  after  the  introduction 
of  every  extraneous  albumin. 

Solphoretted  Hydrogen.— Sulphuretted  hydrogen  is  a  very  common 
bacterial  product.  Its  presence  i.s  determint'd  by  pasting  a  piece  of  paper 
moistened  with  lead  aeetate  insi(]e  the  neck  of  the  flask  containing  the 
culture,  cloiiing  the  mouth  with  a  cotlnn-wool  stopper,  and  over  this 
again  an  India-rubber  cap  (black  nihW-r  free  from  sulphur).  The 
pajier  is  colorf:d  at  first  brownish  ami  later  black;  repeated  obs<'rvallon 
is  necessan.',  as  the  color  somftinu-s  disappears  tuwai-d  tlie  end  of  the 
reaction,  .\pparently  negative  results  should  not  be  rashly  accepted 
as  conclusive. 

Sulphuretted  hydrogen  may  be  foimed: 

1.  From  albuminous  sulxstances.  This  power,  according  to  Petri 
and  Maassen,  of  forming  .*tulphuretted  hydrogen,  particularly  in  liquid 
culture  media  containing  much  peptone  (5  to  10  per  cent.)  is  pos- 
sessed, though  in  difTerent  degree,  by  all  bacteria  examined  by  them; 
only  a  few  bacteria  form  HjS  in  bouillon  iti  the  absence  of  peptone, 
while  about  50  per  cent,  in  media  containing  1  per  cent,  peptone. 

2.  From  powdered  sulphur.  .\ll  bacteria  produce  in  culture  media 
to  which  pure  powdered  .sulphur  is  added  considerably  more  H,S  than 
witliout  this  addition.  Petri  and  Maas^en  suggeat  that  this  is  due  to 
the  nascent  hydrogen  produced  by  the  bacteria. 

3.  From  thiosulphates  and  sulphites.  Studied  particularly  in  yeast, 
fait  demonstrated  also  by  Petri  and  Maassen  in  several  bacteria. 

The  presenw*  of  sugar  in  the  culture  does  not  alTect  the  production 
of  H^  by  l«icteria,  but  salt[>ptre  retiuces  it,  nitrites  being  formed.  The 
absence  of  oxygen  favors  the  production  of  HjS.  Light  diminishes 
the  development  of  H^S  by  facultative  anaerobes,  sulphates  being 
formed  instead. 

R«doctioD  Processes. — All  bacteria,  as  we  have  seen,  possess  the 
property  of  converting  sulphur  into  sulphuretted  hydrogen,  for  which 
]inr[>ose  is  rwpiired  the  pre.sence  of  nascent  hydrogen.  The  following 
pnicesses  depend  also  in  part  upon  the  action  of  nascent  hydrogen: 

1.  The  reduction  of  V)lue  litmus  pigments,  methylene  blue,  and 
indigo  to  colorless  substanws.  The  superficial  layer  of  cultures  in  con- 
tact with  the  air  3how.s  often  no  reduction,  only  the  deeper  layers  being 
afTected.  By  agitation  with  access  nf  iiir  the  colors  ttmy  be  again  restored, 
but,  at  the  same  time,  if  acid  has  been  formed,  the  litmus  pigment  is 
turned  red.  According  to  Cohn.  the  property  of  reducing  litmus 
belongs  to  all  liquefying  bacteria,  but  mme  non-liquefving  sjiecies  also 
possess  it. 

2.  The  reihiction  of  nitrates  to  nitrites  and  ammonia.  'Hie  fii-st  of 
these  properties  seems  to  pertain  to  a  great  many  bacteria — at  least 
Petri  and  Maassen  found  in  six  species,  grown  in  bouillon  containing 
2.5  to  5  per  cent,  peptone  and  0.5  per  cent,  nitrate,  that  almost  all  pro- 
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cliicef)  nitrite  abutitlantly;  once  only  ^as  ammonia  observed.  In  a 
number  of  lutctfria  stu<Ji<'<I  by  Riibner  only  one  failitl  to  proflutf  nitrite. 
The  test  for  nitrites  is  made  as  follows:  Two  bouillon  tubes  containing 
nitrates  are  inoeulateri,  anrl,  alnnf;  with  two  uninoeulated  tubej;,  are 
allowt^d  to  remain  in  (he  iuculmtor  for  several  days;  tlien  to  the  eullurM 
and  control  test  i.s  H(!de<l  a  small  i[iiniitity  of  colnriess  iiHlide  of  stAteh 
solution  (thin  stareh  paste  containing  (1.5  per  cent,  potassium  io(liite)M 
and  a  few  drops  of  pun'  siilpliurie  acid.  Tlie  control  luU-s  n^niainS 
colorless  or  become  g^'Bdually  slijihtty  blue,  while  if  nitrites  are  present 
a  dark-blue  or  brown-red  coloration  is  produced. 

The  demonstration  of  ammonia  i.s  made  by  the  addition  of  Nesaler'a 
reagent  to  culture  meilia  free  from  sugar.  In  Iwtuillon,  if  ammonia  he 
present,  Nejwler's  reagent  is  almost  immediatfly  reduced  to  black 
inercurous  oxide.  A  strip  of  papt-r  saturated  with  the  rt-agent  can  al.w 
be  suspended  over  the  Iwuitlon  tnln:-,  or  this  can  l>e  distillerl  at  a  low 
temperature  with  the  addition  of  tiia>.'nesiuni  o.viile  and  the  ili.stillate 
treated  with  Nt*»sler's  reagent.  A  yellow  to  red  coloration  indicates  theS 
presence  of  ammonia.     Controls  arc  jiecessary.  V 

Aromatic  Prodocts  of  Decomposition. — Many  bncteria  produce  aromatic 
sulvstances  a.s  the  result  of  their  ^t>vvth.  The  best  known  of  these  are 
indol,  skatol,  phenol,  and  I'iTo.sin.  Sy.sieraatic  investigations  have  only 
lieeii  made  with  regani  to  the  mrurR-nce  of  intJol  and  phenol. 

Test  mn  Int)oi„ — To  a  bouillon  culture,  wliich  should,  if  possible, 
Im*  not  under  I'ight  days  old  and  fn-t*  fniiri  Kiigar,  is  added  half  its  volume 
of  10  per  cent,  sulphuric  acid.  If  iii  healing  to  alxint  S(\°  C.  u  pink  or 
bluish-pink  coloration  is  immediately  proehic*-*!  it  indicates  the  presence 
of  both  indol  and  nitrites,  the  alwve-^lescrilK-d  nitroso-indol  reaction 
requiring  the  presence  of  l)oth  of  ihcse  s\ib.siances  for  its  successful 
o|;)eration.  This  is  the  so-called  "cholera-red  reaction,"  but  it  may  be 
applied  to  many  other  spirilla  besides  cholera.  .\s  a  nilc.  however,  the  ■ 
a<ldition  of  sulphuric  acid  alone  is  not  sufficient,  and  a  little  nitrite  must  f 
[)c  lidded;  this  nuiy  In*  done  later,  tlir  culture  JH-ing  first  wanned  with- 
out nitrite,  when,  if  there  is  no  reaction  or  a  doubtful  one,  I  to  2  e.c. 
of  0.005  per  cent.  soUilion  of  sodium  nitrite  is  ndded  until  the  niaxi- 
mum  reaction  i^  obtained.  Tlie  addition  of  stnmg  solutions  of  nitrite 
colors  the  acid  litpiid  brownish-yellow  and  ruins  the  lest.  Out  of  sixty 
spc<-ics  cxHruiued   by  ix'hmaun,  twenty-three  gave  the  indol  reaction. 

Decomposition  of  Fats.— Pure  melted  butler  is  not  a  suitable  culture  ^ 
medium  for  bacteria.    The  rancidity  of  butler  is  brought  about  (1)  asfl 
the  result  of  a  purely  chemical  decomposition  of  the  butter  by  the 
oxygen  of  the  air  under  the  influence  of  stmlight,  and  f2)  through  the 
formation  of  lactic  itciil   from  the  milk-sugar  left  in  the  butter.     Fats 
are,  however,  altucked  by  bacteria  when  mixed  with  gelatin  aud  used^ 
as  culture  media,  with  the  conse<:iuent  protlnctlon  of  arid.  M 

Putrefaction.'  By  putrefaction  is  understood  in  common  |>ar1a(ice 
every  kind  of  decomposition  due  to  bacteria  wliich  results  in  the  pro- 
duction of  malodorous  substances.  ScientiKcally  considered,  putrefac- 
tion depend.s  upon  the  decompo-sition  of  complex  organic  compounds, 
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albumiaous  substances,  which  are  frequently  first  peptonized  and  then 
further  decomposed.  Typical  putrefaction  occurs  only  when  ox}'gen  is 
absent  or  scanty;  tlie  free  passage  of  air  through  a  cullure  of  putrefac- 
tive bacleria^-an  event  which  does  not  take  place  in  natural  putrefaction 
— very  much  nindifies  the  proccfis:  first,  biologirnlly,  as  tlie  anaerobic 
bwteria  are  inhibited,  and  then  by  the  action  of  the  oxygen  on  the 
products  or  by-products  of  the  aerobic  and  facultative  anaerobic 
ija<?teria. 

As  putrefactive  products  we  have  peptone,  ammonia,  and  amines, 
leucin.  lyrosin,  and  other  aniido  substances;  oxyfatty  acids,  indol. 
akatol,  phenol,  ptomains,  toxins,  and,  finally,  sulphuretted  hydrogen, 
mercaptans,  carbonic  acid,  hydrogen,  and,  possibly,  marsh-gas. 

Kitrifying  Bacteria. — Accoriling  to  recent  r3bser\*ations,  nitrification  is 
produced  by  a  small,  special  group  of  bacteria,  cultivated  with  dilB- 
cuJly,  which  do  not  grow  on  our  usual  culture  merlia.  From  the  inves- 
tigations of  Winogradsky  it  would  appear  llmt  tliere  are  two  common 
micro-organisms  present  in  the  soil,  one  of  which  converts  ammonia 
into  nitrites  and  the  other  convt-rta  nitrites  iiilo  nitrates. 

Conversion  of  Nitrous  and  Nitric  Acids  into  Froe  Nitrogen. — This  process 
is  perfonned  by  a  number  of  bacteria,  llic  sjiecial  uilrate-fermenting 
bacteria,  however,  were  Hi-st  accurately  described  by  Uarri  and  Stutzer. 
In  their  exhaustive  investigation  they  first  isolated  from  horse-manure 
two  bftoteria,  neither  of  which  was  alone  capable  of  producing  nitrogen 
froiu  nitrates,  but  which  together  in  the  preaeiie<*  of  oxygen,  but  never 
without  it  entirely,  decomposed  nitrate.5  energetically.  Later  a  second 
denitriScating  baeillos  was  found,  R.  denitnficans  II,  which  by  itself 
was  able  to  produce  nitrogen  from  nitrates. 

The  practical  importance  of  these  organisms  is  that  by  their  action 
huge  quantities  of  nitrates  in  the  soil,  and  especially  in  manure,  may 
become  lost  as  plant  food  by  being  converted  into  nitrogen. 

Nitrogen  Combination. — The  bacUlns  radiocola  of  Beyerinck,  which 
wa.s  i.wlated  by  him,  has  tlie  j>ower  of  as.similating  nitrogen  from  the 
air.  Tliis  bacillus  is  found  in  the  small  root  nodules  of  various  legu- 
minous plants  (pease,  clover,  etc.)f  and  can  Ije  obtained  fmm  these  in 
cultures.  Different  varieties  exist  in  different  kinds  nf  legumes,  each 
land  of  Iq^me  apparently  having  a  special  variety  of  bacteria  adapted 
to  it,  and  not  everv*  variety  is  capable  of  producing  nodules  in  all  legimies. 
There  are  certain  "neutral"  varieties,  however,  existing  free  in  the  soil 
and  not  adapted  to  any  special  legume,  and  these  seem  to  be  able  to 
form  nodule«  in  different  legiirae.'t. 

By  llie  aid  of  these  root  bacteria,  which  gain  entrance  to  the  roots 
and  there  produce  this  nodular  formation,  the  leguminous  plants  are 
enabled  to  assimilate  nitrogen  froni  the  atmosphere.  Thts  explains  the 
reason  why  poor,  sandy  soils  bet-onie  gradually  fruitful  when  pease, 
lupine,  and  oUier  varieties  of  legumes  are  g[X>wi]  upon  them  and  then 
turned  under  with  the  plough.  It  is  not  known  exactly  how  this  assimi- 
lation of  nitrogen  occurs,  but  it  is  assumed  that  the  zoogla'a-Ukc  bac- 
teria, called  (Nicttroidt,  constantly  observed  in  the  nodules,  either  alone 
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or  in  a  .special  degree,  possess  the  property  of  Assimilating  and  combin- 
ing tiitrogen.  It  seems,  moreover,  to  have  been  recently  established 
that,  independentlv  of  tlio  assistance  of  the  loginnes,  certain  nodule 
bacteria  exist  frve  in  the  soil,  which  accumulate  nitrogen  by  absorbing 
it  from  the  air  (Stutzer). 

rormation  of  Acids  from  Oarbohydr&tQi. — Free  acids  are  formed  hj 
many  bacteria  in  culture  media  containing  sugar;  the  production 
acid  ti)  ordiinary  bouillon  takes  place  on  account  of  the  presence 
grape-sugar,  which  is  usually  derivwl  in  small  quantities  from  tlit-  meat.' 
AccoRliiig  ti>  Theobald  Smith,  all  anaerobic  or  facultative  anaerobic 
bacteria  form  acids  from  sugar;  the  strict  at-rtibic  species  do  not.  or  so^ 
very  slowly  that  the  acid  is  concealed    by  the  almost  simultaneou^H 
production  of  alkali.     The  formation  of  acid  occurs  sometimes  with  " 
and  soitietiiiies  without  the  production  of  gas.    Excessive  acid  produc- 
tion may  cause  the  death  of  the  bacteria  from  the  increase  in  acidity  of 
the  culture  media. 

If  after  the  sugar  is  oonsumed  not  enough  add  has  been  formed 
kill  the  bacteria,  the  acid  is  neutralized  gradually  and  in  the  end 
reaetion  becomes  alkaline. 

Among  the  aci<Is  produred  the  most  important  is  lactic  acid;  also 
traces  of  fonuic  acid,  acetic  add,  proprionic  acid,  and  butiriic  acid, 
and  not  infrequently  some  ethyl-alcohol  and  aldehyde  or  acetone  arf 
formed.  Occasionally  no  lactic  acid  is  present,  and  only  the  other  addj, 
are  formed. 

Various  bai-teria,  as  yet  incomi)lptely  studied,  possess  the  property 
of  pro<iucing  butyric  acid  and  butyl-alcohol  from  carbohydrates. 

Some  bacteria  also  seem  to  have  the  power  of  decomposing  cellulose. 

Formation  of  Gas  from  Oarbohydrates  and  Other  Fcrtnentable  Snbatancsi 
of  the  Fatty  Series.^Tbe  oulv  gas  praduccd  in  vi/riJtU  qiiautitv  in  sugar- 
free  culture  media  is  nitrogen.  If  sugar  is  vigorously  decomposed  by 
bacteria,  as  long  as  pure  lactic  acid  or  acetic  add  is  produced  there  may 
be  no  development  of  gas.  as,  for  instance,  with  the  B.  typhosus  on 
grape-sugar;  but  frequently  there  is  much  gas  developed,  especially  in 
the  absence  of  air.  About  one-third  of  the  acid-producing  species  also 
develop  gas  abundantly,  tliis  con.sisting  chiefly  of  CO,,  which,  according 
tn  Smith,  is  always  mixed  with  H.  Marsh-gas  is  seldom  formed  I^h 
bacteria,  with  the  exception  of  those  decomposing  cellulose.  ^ 

In  order  to  test  the  prmltiction  of  ga.s.  a  culture  medium  composed 
of  glucose-agar,  containing  about  1  per  cent,  grape-sugar,  may  be  used. 
At  the  end  of  eight  to  twelve  hours  in  the  incubator  (or  twentv-four 
hours'  room  temperaliire)  the  agar  will  be  seen  to  be  full  of  gas-bubbleflf 
or  broken  up  into  holes  and  fissures. 

For  the  detenuiuation  of  the  quanUty  and  kind  of  gas  produced  by  a' 
given  micro-organism  the  fermentation  tube  recommended  by  Theobald 
Smith  is  the  best.    This  is  a  bent  tube,  constricted  greatly  at  its  lowest 
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portion,  supported  u]x>n  a  k^^^s  base,  as  showo  in  Fig.  64.  The 
tuhe  is  filled  with  a  cultim'  infilla  consisting  of  I  per  cent,  ^liifose, 
peptone  bouillon  (without  air  bubbles),  and  sterilized  in  the  steam 
sterilizer.  It  is  then  iiuK-ulaU-il  with  a  Icjopfiil  of  a  cul- 
ture of  the  organism  in  question,  and  observations  taken: 

1.  If  there  is  a  turbidity  pnxhiced  in  the  open  bulb 
it  indicates  the  presence  of  an  aerobic  speeies;  If  this 
clouding  oorur.s  only  in  the  closed  nrin,  while  the  o{)en 
bulb  remains  clear.  It  is  an  anaerobic  species. 

2.  The  (|uantity  i>f  jpis  prndiiced  daily  should  1m* 
niarke<l  on  the  upright  arm;  if  the  tube  is  graduated  a 
note  of  it  is  taken  and  the  percentage  calculated  on  the 
fourth  to  the  sixth  day  after  gas  production  has  tvased. 

^.  A  rough  analysis  of  the  gas  produced  may  be 
caade  a.s  follows:  Hanng  signified  by  a  mark  on  the 
tube  the  quantity  of  giLs  pmducet],  the  open  bulb  is 
completely  filled  with  a  10  jkt  cent,  solution  of  soda. 
tlti:  mouth  lighttv  ctuscd  with  ibe  lliuinb,  and  tlie 
mixtnn.'  thoroughly  sliakcn.  After  a  minute  or  twt>  all 
the  gas  is  allowed  to  rise  to  the  top  of  the  closed  arm  by  inclining  and 
turning  the  tube,  and  then,  removing  the  thumb,  the  volume  of  gas  left 
after  the  union  of  the  NaOH  with  the  CO,  is  noted.  The  remainder 
13  nitrogen,  hydrogen,  and  marsh-gas.  If  it  is  desire<l  to  test  for  the 
presence  of  hydrogen,  the  thumb  is  again  placed  over  the  open  end 
and  the  gas  collecteil  under  it.  As  die  thumb  is  moved  a  lighted  match 
is  brought  in  contact  with  the  gas.  If  hydrogen  is  present  a  slight 
explosion  occurs. 

Formation  of  Acids  from  Alcohol  and  Other  Organic  Acids. — It  has  long 
been  known  that  the  bacleriiun  accti  and  other  allied  bacteria  ctiiivcrt 
dilute  solutions  of  ethyl-alcohol,  under  the  influence  of  oxidation,  into 
acetic  acid: 


VeriDuntBitiwti 
tubv. 


CH, 

CKjoa 


coon. 


The  higher  alcohols — glycerin,  dulcit,  mannite,  etc. — are  al-so  con- 
verted into  acids — ^glycerin,  indeed,  as  commonly  as  sugar. 

Finally,  numerous  results  have  l)ecn  obtained  from  the  conversion 
of  the  fatty  acids  and  their  salts  into  other  fatty  acids  bv  bacteria.  As 
a  rule,  the  lime-salts  of  lactic,  malic,  tartaric,  and  citric  acids  have 
been  employed,  these  being  converted  into  various  acids  by  the  action 
of  bacteria,  such  as  but^Tic,  prof^onic,  valerianic,  and  acetic  acids; 
also  succinic  acid,  ethyl-alcohol,  and.  more  rarely,  formic  add  have 
been  produced.    Among  the  gases  formed  were  chiefly  CO,  and  H. 

Thus  Pasteur  found  that  anaerobic  bacteria  convert  lactate  of  lime 
into  butyric  add. 


CHAPTEK   Vlll. 


THE  EFFECT  OP  VARIOUS  DELETERIOUS  INFLUENCES?  UPON 

BACTERIA. 

Influence  of  Electricity  on  Bacterii.— The  mBJority  of  the  observations 
heretofore  made  on  this  subject  would  seem  tn  iiniiratP  that  there  is  no 
dii-wt  action  uf  the  galvanic  current  on  bacteria:  but  thtf  effect  of  best 
and  t!ie  electrolytic  influence  on  the  culture  liquid  may  produce  changes 
wiiicli  finally  sterilize  it.  ^ 

Influence  of  Agitation. — Mellzer  has  shown  that  the  vitality  of  bac-fl 
teria  in  de.stroved  bv  pmlracterl  aiiil  violent  shaking,  wliich  causes  a  " 
di.';intrgrati[n]  of  t)ie  rr-lls,  Vppe!  found  tliitt  niiHlfrate  agitation  of  the 
bacteria  caused  no  injury,  even  wben  long  iTontinned. 

Influence  of  Freuure. — D'Arsonval  an*I  CImrrin  subniitted  a  eiilture 
of  Iiarillus  j»yt)cyaneus  to  a  pressure  of  fifty  atrnnsplieres  under  rar- 
btuiie  acid.  At  the  end  of  four  hours  cultures  cttuM  still  be  obtained, 
but  the  bacillus  !»ad  lost  its  power  of  pigment  production.  A  few 
colonies  were  developed  after  six  hours'  exposure  to  this  pressure,  but 
after  twenty-four  hours  no  development  oecurred. 

Influence  of  Light.— A  large  number— perhapj*  the  majority — of 
bacteria  are  inhibited  in  growth  by  the  action  of  bright  daylight,  all  are 
by  that  of  dire*-t  .snnliglil,  and  when  the  action  of  the  latter  is  pnilonged 
they  lose  their  power  of  developing  when  later  placed  in  the  dark. 

In  order  to  test  the  stisceptibilily  of  bacteria  to  light,  it  is  liest,  accord- 
ing to  11.  Uuchner,  to  suspend  a  large  numlRT  of  iMieterin  in  nutrient 
gelatin  or  agar  and  pour  llie  media  while  still  fluid  in  Petri  dishes, 
upon  which  has  been  pasted  a  strip  of  black  paper  on  the  side  uj)on 
which  the  light  is  to  act.  The  action  of  heat  may  l>e  shut  off  by  allow- 
ing the  ray  of  liglit  to  hrst  piiss  through  a  layer  of  water  or  alum  of 
several  centimetre.^'  thickness.  After  the  plates  have  be<'n  ex])osed  to 
the  light  for  one-bnlf.  one,  one  ami  n  half,  two  hours,  etc.,  they  are 
taken  into  a  dark  rr)oni  and  allowerl  to  slanvl  at  20°  or  3o°  C.  a  suHicient 
length  of  time  to  allow  of  growth,  and  then  examined  to  see  whether 
there  are  colonies  anvwhere  except  on  the  s|kiI  covere^l  by  the  pa|>er; 
when  the  colonics  exposttl  lo  the  light  have  been  completely  destroyed 
there  is  a  sharply  defined  region  of  the  shape  of  the  paper  strip  crowded 
with  colonies  I>*ing  in  a  clear  sterile  Held. 

Oicudonn^,  in  experiments  upon  the  l>acillus  prodigiosus.  found 
thai  direct  sunlight  in  March,  July,  and  .August  killed  these  bacilli  in 
one  and  a  half  hours;  in  Noveml>er  in  two  and  a  half  hours.  I>ifTu5e 
daylight  in  March  and  .luly  restrained  development  after  three  and  a 
half  hours'  exposure  (in  November  four  and,  a  half  hours),  and  com- 
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pletely  destroyed  vitality  in  from  five  to  six  hours.  Klectric  arc-light 
inhibited  prowth  in  five  hours  and  destroywi  vitality  in  eight  hours. 
Inoandescfut  light  inhihited  growtli  in  from  seven  to  t-ighl  hmn'-s  and 
killeil  in  eleven  hours.  Similar  results  have  Im'pii  olitnined  with  li.  ctili, 
B.  l\-phosus.  and  R.  antliraeis.  Aeeunling  to  Koeb,  ihc  lidM'rele  bacillus 
is  kiUe<J  by  the  action  of  direct  sutdight  in  a  time  varying  from  a  few 
minutes  to  several  hours,  depending  ujHni  the  thickness  of  the  layer 
exjMisfd  and  the  season  of  the  year.  Uift'use  daylight  also  had  ilic  same 
effect,  althmigli  a  consitlerably  longer  time  of  cxptisure  was  retjuired — 
when  placed  close  to  a  window,  from  five  to  seven  daj-s. 

Only  the  ultraviolet,  violet,  and  blue  ra_>*s  of  the  speetriiin  seem  tx> 
possess  bactericidal  action;  green  light  has  very  much  less  so;  re<l  and 
yellow  light  not  at  all.  The  action  of  light  is  a[jp»n*iiily  a-ssisled  by  the 
admission  of  air;  anaerobic  species,  like  the  tetanus  bacillus,  and  facul- 
tative anaerobic  species,  such  us  the  colon  bnnllus,  are  able  (o  withstand 
quite  well  the  action  of  sunlight  in  the  absence  of  oxygen,  the  B.  coU 
intense  direct  sunlight  for  four  hours. 

According  to  Hichardson  and  l*ieudonn^,  the  mechanism  of  the 
action  of  light  may  be  at  least  partially  explained  by  the  fact  that  in 
agar  plates  exposeil  to  light  for  a  short  time  (even  after  ten  minutes' 
exposure  to  riirect  sunlight)  hydrogen  jientxide  I'H/),)  is  foimed.  This 
is  demonstrated  bv  exposing  an  agar  plate  half  covered  with  black 
paper,  upon  whtch  a  weak  solniion  of  ittdidc  of  slareli  is  poureil,  and 
over  this  again  a  dilute  solution  of  sulphate  of  iron;  the  side  exposed 
to  the  light  turns  blue-black.  In  gases  containing  no  oxygen,  hydr<^n 
peroxide  is  not  produced,  anfl  the  light  hns  no  injurious  elfect.  Acccas 
of  oxygen  also  explains  the  effei't  which  liglit  jinnluoes  on  culture  media 
which  have  been  e\-]iosed  to  the  action  of  sinilighl,  as  standing  in  the 
sun  for  a  time,  when  afterward  used  for  iiiiM-iiJatinn.  Tlie  bacteria 
subsequently  iutnKluced  into  such  media  grow  badly — far  worse  than 
in  fresh  culture  media  which  ttn-  ke|it  in  llie  shade. 

InflQAnea  of  Ra/lium. — Rddimictivr  fluids  have  a  slight  inhibjling 
etTect  on  bacterial  growth,  but  notitJng  decided  enough  to  be  used  for 
therapeutic  pur]>oscs. 

Inflaence  ol  X-raTS.  -The^e  rays  have  a  slight  inhibiting  effect  on 
hnctcria  when  thcv  are  directiv  exposed  to  them. 

Influence  of  One  Species  upon  the  Orowth  of  Another. — While  it  is  the 
custom  of  bacteriiilogisls  lo  have  [lure  cuSlure.s  to  work  with,  we  should 
never  forget  that  in  nature  bncteria  often  rK-eur  in  mixed  cultures.  If 
we  examine  water,  milk,  or  the  contents  of  the  intestines  of  either  sick 
or  healthy  persons  we  shall  always  find  several  species  of  bai-teria  occur- 
ring togi'ther.  This  admixlurt?  nmy.  perhaps,  si-em  to  us  at  first  merely 
accidental,  but  on  further  investigation  it  will  ap|>ear  also  thai  in  the 
department  of  bacteriology  there  exist  synergists  and  antagonists,  or 
at  least  bacteria  which  assist  or  opi>ose  one  another  mutually  or  one- 
sidedly.    Nencki  speaks  of  jfifmhiosh  and  cnantohiosis. 

The  existence  of  aniagoiiisnis  can   be  tlemonslrateil  experimenlalb 
by  inoculating  gelatin  streak  cultures  of  various  bacteria.     It  is  foi 


I 


many  species 
[)n)xltnity  to  sonif  othur  species.  This  antugonisui,  however,  is 
only  onc-si<U'(!  in  character;  for  instance,  the  bacillus  iluorescens  putidus 
grows  well  when  inociilute(i  U'tween  streaks  uf  staph vlueoccus.  bui 
(he  latter  micrococcus  will  not  frrow  at  all  when  inoculated  between 
oiltiires  of  the  bacilhis  putidus,  the  growth  of  the  staphylococcus  remain- 
ing scanty  when  the  two  species  are  iaiKulute<]  sicnultaripously.  Again, 
when  gelatin  nr  agar  plates  are  made  from  two  dilYerent  species  of 
hacteiia  it  niav  Ik*  oliservi-d  elmt  only  one  of  the  two  grows.  A  thirii 
methoti  t)f  milking  this  exjyeriment  is  In  siinullaneoiisly  inoculate  (he 
same  licpiid  inediuui  with  two  species,  antl  then  cxaniine  them  later, 
both  microscopically  and  by  making  plate  cultures;  not  iofrequently 
the  one  .sfwdes  may  take  precedence  of  the  other,  which  it  finally 
overcomes  entirely.  The  practical  application  of  this  is  to  make 
sufficient  dilutions  of  malerial  when  plating  for  the  e.stimatinn  of  the 
number  of  bacteria  or  the  isolation  of  pmx'  cultures. 

FinAlly,  liaeleria  may  oppose  one  another  as  anlagonists  in  the  animal 
body.  .As  Emmerich  has  shown,  nniinals  infected  with  antlirax  may 
often  bi-  cuivd  by  a  secondary  infection  with  the  streptococcus. 

The  symbiotic  or  co-operative  action  of  bacteria  is  of  still  greater 
importance,  of  which  the  following  examples  may  be  given: 

1.  Some  bacteria  thrive  lietter  in  association  with  other  species  than 
alone.  Brueger  has  recently  shown  that  pneumococci  when  grown 
together  with  a  bacillus  obtained  from  the  throat,  produce  very  targe, 
succulent  colonies.  Certain  anaei"obi<'  sjiecies  grow  even  with  the 
admission  of  air  if  only  other  aerobic  species  are  present  (tetanus). 

2.  Certain  chenn'cal  effects,  as,  for  instance,  the  decomposition  of 
nitrates  to  gaseous  nitrogen,  cannot  be  producer!  by  nmny  bacteria 
alone,  but  only  when  two  are  associated. 

3.  .\ttcnuatwl  varieliesof  Iwcteria  may  regain  virulence  when  grown^ 
in  contact  with  other  Imcteria.  ™ 

Duration  of  Life  in  Pure  Watcr.^When  bacteria  which  require  much 
organic  food  for  their  development,  and  these  incluile  most  of  tlie  path-H 
ogenic  species,  are  placed  in  distilled  water  they  soon  die — that  is,  | 
within  a  few  days;  even  in  sterilizeil  well  water  nr  surface  water  tlieir  life 
duration  does  not  usually  e.xceed  eight  to  fmirteeu  days,  and  they  rarely 
multiply.  Instances,  however,  of  much  more  extended  life  under  certain 
conditions  arc  rcctinleil.  ^M 

Effect  of  Drying.^Wnnt  of  water  affects  bacteria  in  different  ways. fl 
T'pon  dried  culture  niwlia  development  soon  ceases;  but  in  media  dried 
gradually  at  the  room  temperature  (nutrient  agar,  ^'Intin,  potato)  they 
live  often  for  a  long  titne.  even  when  there  arc  no  sjwres  to  account  for 
it.  A  shrunken  residue  of  such  cultures  in  Imiiillon  has  often  been 
found,  after  a  year  or  more,  to  yield  li\ing  bacteria.  The  (jueslion  as 
to  how  long  the  non-s|»ore  Iiearing  forms  are  capable  of  retaining  their 
vitality  when  dried  on  a  ce>vcr-glass  or  silk  thn>ads  has  lieen  variously 
answere<l.  We  know  now  that  there  are  many  factors  which  influence 
the  retention  of  vitality.    The  following  table  of  the  results  obtained 
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by  Sirena  and  Alessi  gives  some  idea  of  the  extent  ami  etiect  of  such 
inBuences.  In  tJie  experiment-s  silk  ihreiuis  were  saturated  with  bouillon 
cultures  or  ai|ueuii5  .siis|»i'[isii>iis  at  the  baetpria,  and  some  then  enclosed 
in  tube^  containing  sulphuric  arid  or  calrituii  fhloride,  while  others 
^^pre  left  exposed  to  various  outside  influences: 
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The  rt'sults  of  all  invesli gators »  however,  would  seem  to  indicate 
U  the  greatest  possible  care  must  be  exercised  in  desiccation  experi- 
lo  come  to  any  pn.sitive  coiieln.sions ;  but  recently  most  astonisliing 
results  have  been  obtained  with  regard  to  many  specieii  usually  sup- 
sed  to  be  partiriilarly  -lensitive  to  desieealion,  showing  that  under 
riain  conditions  they  may  retain  their  vitality  in  a  dry  state  for  a 
ry  long  time.  Thus,  Koeh  found  that  eholera  spirilla  lived  only  a 
few  hours  wlieu  dry;  Kitasato  dctenuiued  their  life  duration  at  four- 
teen days  at  most;  while  various  French  observers  have  founil  that 
they  may,  under  favurable  conditions,  live  15U  to  2W  days.  The  vary- 
ing results  sometimes  reportetl  by  different  obsei-vers  in  such  experi- 
ments may  be  explaine<i  by  tlie  fact  that  the  conditions  under  which 
they  were  made  were  ditiV-rtMit,  depi=*nding  uiMin  the  desircator  ust^l, 
the  medium  upon  whifh  the  cnltiires  were  grown,  and  the  use  of  -lilk 
ihreatb  or  cover-gla.sse.s.  In  ail  the.se  ex|)eriments,  of  course,  it  should 
be  previously  determined  that  in  spore-liearing  species  there  are  no 
spores  present.  Kven  when  a  drie<l  culture  lives  for  a  long  liuie  the 
[  majority  of  the  organisms  die  in  a  few  hours  after  drying.  We  have 
^■ound  l.oOU.OOO  colon  bacilli  lo  be  reduce-l  to  100^0(1(1  after  three 
Vftours'  dr>'ing.  When  protected  by  a  covering  of  mucus,  as  in  expec- 
\     toration.  they  live  much  longer  ihan  when  unprotected. 

BshaTloT  toward  Oxygen  and  Oth«r  Oases. — As  already  noted  under 

I dje  nutritions  sulistajifes  leipiiri'd  Kv  ImcUTia,  it  is  customary  to  divide 

^HNtcteria  into  three  classes,  according  to  their  behavior  toward  oxj'gen. 
^H  I.  Aerobic  BAtTERiA. — Growth  only  in  the  presence  of  oxygen: 
^Bie  slightest  restriction  of  air  inhibits  development.  Spore  forraatinn 
^^fcpecially  ret|uires  the  free  admission  of  air. 

I  2.  .AXACKOBK'  BAtTEKiA. — Growth  and  s|>ore  formation  only  in  the 
total  exeiusioit  of  oxygen.  Among  this  cla.ss  of  bacteria  are  the  bacillus 
of  malignant  ceilema,  the  tetanus  hacillus,  the  bacillus  of  symptomatic 
anthrax,  and  many  soil  bacteria.  Kxposed  to  the  action  of  oxygen, 
vegetative  forms  of  these  bacteria  are  readily  destroyed;  the  spores, 
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on  the  contrary,  are  veiy  resistant.  Anaerobic  bacteria  being  deprived 
of  oxyRcn^thc  chief  source  of  enerjjy  mipplied  to  the  aerobic  spedcs, 
by  which  they  (>xidi/.e  the  luitritivi-  suhstHnt-es  In  the  culture  nieiha — 
they  are  depeiulent  for  their  nutrition  upon  decomposable  substances, 
such  as  gra|>e-sngar,  which  on  separaiiiif;  into  two  soidlcr  niolifcules, 
alcuhol  and  carbonic  acid,  (;ive  out  energy  or  heat.  Anaerobic  bacteria, 
therefore,  require  for  their  cultivation,  as  a  rule,  media  containing 
j;luc*>se  or  some  equivalent. 

y.  F.icrLTATivK  Aerobic  and  Facultative  Anaicuobic  Bactf.ru. 
• — ^The  greater  numljer  of  aerobic  bacteria,  including  most  of  the  path* 
ogenic  species,  are  ciipable  of  withstanding,  without  being  seriously 
aiTected,  some  restriction  in  the  ammnit  of  oxygen  BfJniitted,  and  many, 
indeed,  grow  equally  luxuriantly  in  the  partial  exclusion  of  oxygen. 
Life  in  the  atiinnd  Iwdy,  for  example,  as  in  the  intestines,  necessitates 
existence  with  diininished  supply  of  oxygen.  Pigment  formation  almost 
always  ceases  with  the  exclusion  of  oxygen,  but  poisonous  products  of 
decomposition  may  be  more  abun<lantly  produced. 

It  is  important  to  note  that,  acconling  to  recent  investigations,  it 
has  been  aho^^'n  that  the  aerobic  development  of  the  anaerobes  may 
be  facilitated  by  the  presence  of  living  or  dead  ar-robes. 

It  ha.s  also  been  nlxserved  not  infrc(]uently  that  trrtain  species  which 
on  their  isolation  at  first  showcil  more  or  less  anaerobic  development 
— that  is,  11  preference  to  grow  in  the  depth  of  an  agar  slick  culture, 
for  instance — ^after  a  while  seem  to  become  strict  aerol>es,  growing  only 
on  the  surface  of  the  medium.  This  observation  proves  that  the  simple 
fact  of  an  organism  showing  at-robic  instead  of  anaerobic  growth  is  not 
suSicient  for  its  separation  into  a  distinct  species. 

While  all  facultative  as  well  &n  strict  anaeroWs  grow  well  in  nitrogen 
and  liydrogen.  they  behave  very  differently  towar<]  carbonic  acid  gaa. 
A  large  niunlier  of  these  species  do  not  grow  at  all,  being  completely 
inhibited  iit  I  heir  devi'lupiiient  until  oxvgen  is  again  ailinitte*l^for 
exautjjle,  R.  anthracis  and  B.  subtilis  and  other  alliefl  s]H'cie5.  It  has 
been  found  in  some  species,  as  glanders  and  cholera,  ilmt  the  majority 
of  the  organisms  are  quickly  killed  by  CO,,  while  a  few  offer  a  great 
resi-stancc,  rendering  imjxtssiblc  complete  sterilization  by  means  of 
this  gas.  Another  group,  again — nz..  streptococcus  and  staphylo- 
coccus— exhibits  a  scanty  growth;  while  a  third  group,  like  the  H. 
typhosus  and  B.  prodigiusus,  is  not  at  all  atTected,  growing  equally  as 
well  in  the  presence  of  oxygen,  and  the  liquefaction,  even  of  gelatin, 
not  being  interfered  with;  onlv.  on  account  of  the  lack  of  oxygi'u,  there 
is  no  pigment  formation.  Finally,  a  mixture  of  one-fourth  air  to  three- 
fourths  carbonic  acid  gas  seems  to  have  no  injurious  effect  on  bacteria 
which  cannot  grow  in  an  atmosphere  of  pure  CO,. 

Sulphuretted  hydrogen  in  large  quantity  is  a  strong  bacterial  poison, 
and  even  in  .small  amounts  kills  some  bacteria. 
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CHAPTEK    IX. 


i       THE  DESmiUCTION  OF  BACTERIA  BY  CHEMICALS— PRACTICAL 
H  USE  OF  DISINFECTANTS. 

^P  Many  chemical  substances,  when  hrought  Jn  contact  with  bacteria. 
"Unite  with  their  cell  siilisiancf.  Now  oornjxniiiils  are  t\nis  formed,  and 
the  life  of  the  bacteria  ami  the  disinfectinjH  propertie.'-  of  the  snbstanrfs 
are  usually  (lestmyeil;  while  in  itie  ve^'elativp  stage  baeteria  are  much 
more  easily  killcil  than  when  in  the  s[M>rc  fonn,  and  their  life  processes 
are  inhibited  by  substances  less  deleterious  than  those  required  to 

^■dpHtroy  them. 

^P  Bacteria,  both  in  the  vegetative  and  in  the  spore  form,  differ  among 
themselves  considerably  in  their  resistance  to  the  poisonous  effects  of 

IcbemicaLs.  The  rea'wn  for  this  is  not  as  }*ct  clear,  hut  is  apparently 
honnecte<)  with  the  structure  ami  chemical  nature  of  their  cell  substance, 
r  Oiemicals  are  more  piisoiinus  ni  fairly  high  than  at  a  low  tcmpera- 
lure,  and  act  more  quickly  upon  bacteria  when  they  are  suspended  in 
fluids  singly  than  when  in  clumps,  iiiid  in  pure  water  rather  than  in 
solutions  containing  orjrunic  matter.  The  increased  energy  of  lUsiu- 
fectantj  at  lugher  temperatures  indicates  in  itself  a  probability  that  a 
true  chemical  reaction  takes  plare.  In  estimating  the  extent  of  the 
destructive  action  of  chemicals  the  following  degrees  arc  usually  dis- 
tinguishe*!: 

1.  The  growth  is  nt>l  perriiancpitly  intci-ft-red  with,  bnt  the  pathogenic 
and  zymogenic  functions  of  the  organism  are  diminished — altrmuition, 
^K    2.  The  organisms  are  not  able  to  multiply,  but  they  are  not  destroyed 
^R}T  antiseptic  action. 

I         3.  The  vegetative  development  of  the  organisms  is  destroyed,  but 
^_pot  tin*  spores — incomplete  sterilization. 

^M   4.  Vegetative  and  spore  fonnatioii  are  destroyed.    This  is  complete 
^^m^Hization  or  Hishifcction^ 

^M  'I'lie  metho<ls  employed  for  the  determination  of  the  germicidal 
action  of  chemical  agents  on  bacteria  are,  briefly,  as  follows; 

If  it  i.s  desired  to  determine  what  is  llu-  minimum  cimcentralion  of 
the  chemical  substance  retjuired  to  prtHlnce  complete  inhibition  of 
growth  we  proceed  thus:  A  10  percent,  snhitinn  of  the  disinfectant  is 
prepared  and  1  c.c.  0.5  c.c.  O.'.i  c.c.  01  c.c..  etc..  of  this  is  addt-d  to 
10  c.c.  of  liquefied  gelatin,  agar,  or  bouillon,  or,  raore  accurately.  10  c.c. 

'  DtataflNtttOD  ttrtcilr  i1«llne<1  U  the  deiinictkm  of  aU  nrKunUni*  uwl  ilielr  pradocu  wlikh  u« 
«ap*b}«or  produdORdtMaw.    SlorlllnUon  1»  ltjedeatructU>u  of  sIlMpropbrUou  vi«U  as  inmolUe 
bMleria.    rracllnallr.  however,  th«  two  Icmi*  at*  lud  lnt^rctuincmh]]r  a*  meaning  th«  itmtmctloa 
•II  llTlnRtM<>t«rU. 
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miniis  the  amount  of  solution  mided,  in  so  many  tubes.  The  tubes  then 
contain  I  fier  rent.,  0.."»  |wt  a-iA.,  0.3  pt-r  ci-nt..  and  0.1  per  rrnl.  nf  tlie 
di.sinfectnnt.  The  fluid  media  in  the  tubes  are  then  inoculalefl  wich  a 
platinum  lonpfid  of  tlic  lost  liaeleriH.  The  melted  a^ar  and  ^datin 
may  he  simply  shaken  and  allowed  to  remain  in  the  tuljes,  and  watched 
as  to  whether  any  prowth  takes  place,  or  the  contents  of  the  tubes  are 
poured  out  into  Petri  <llshes,  where  the  development  or  lack  of  devel- 
opment of  colonies  and  the  n\imher  can  be  observed.  The  same  teat 
can  i«  made  with  material  containing  only  .spore.s. 

If  it  is  desireil  to  dct<-nnine  the  degree  of  concentration  required 
for  the  destruction  of  vegetative  {Icvelopment,  the  organism  tu  be  used 
is  cultivated  in  Iwulllori,  and  to  each  of  a  series  of  tubes  holding;  in 
watery  solution  different  peretntages  of  the  disinfectant  a  few  drops 
of  the  culture  fram  which  at)  lumps  have  been  filtered  urc  added.  A( 
intervals  of  one,  five,  ten,  fifteen,  and  thirty  minutes,  one  hour,  and  so 
on  a  small  platinum  loopfid  of  the  mixture  is  taken  from  each  tube 
and  inoculated  into  10  c.c.  of  fluid  agar  or  gelatin,  from  which  plate  cul- 
tures are  made.  The  results  obtained  are  signified  as  follows:  x  per 
cent,  of  the  disinfectant  in  waten.-  solution  and  at  x  temperature  lulls 
the  organism  in  twenty  minutes.  »/  ]wr  cent,  kills  in  one  minute,  and 
so  on.  If  there  be  any  doubt  whether  the  trace  of  the  disinfectant  car- 
ricil  over  with  (he  [ilntiriuni  loops  iiiav  have  reiiderwl  the  gi^latin  unsuit- 
able for  growth,  thus  falsifying  results,  control  cultures  should  be  made 
with  vigorous  bacteria  in  gelatin  to  which  a  similar  trace  of  the  disin- 
fectant has  been  added.  If  the  strenpth  of  the  disinfertant  is  to  be 
discovered  in  different  substances  it  mu.st  be  tested  in  these  substances 
and  not  in  water. 

'I'hi'  disinfectant  lu  Ix-  examined  should  always  1h'  dissolved  in  an 
inert  fluid,  such  as  water;  if  on  account  of  its  being  rlifficultly  soluble  in 
water,  it  is  necessary  to  use  alcohol  for  its  solution,  cf»ntrul  expi'riments 
may  be  required  to  determine  the  action  of  the  alcohol  on  the  oi^nism. 
Sometimes,  as  in  the  case  of  corrosive  subliuintc.  the  chemical  unites 
with  the  cell  substance  to  form  an  unstable  conipound,  which  inhibits 
the  ^rrowth  of  the  organism  only  while  the  union  exists.  If  this  com- 
pound is  not  broken  np  in  the  media,  it  will  probably  not  be  in  the 
lnody.  In  some  tests  it  is  of  interest  to  break  up  this  union  and  note 
then  whether  tlie  organism  is  alive  or  dead. 

In  the  above  detcnulnntions  the  absolute  strength  of  the  disinfectant 
retjuired  is  considerably  less  when  culture  media  rich  in  albumin  are 
employed  than  when  the  opposite  is  the  case.  Cholera  spirilla  grown 
in  bouillon  containing  no  peptone  or  only  0.5  per  cent,  of  peptone  are 
destroyed  in  half  an  hour  by  0.!  per  cent,  of  hydrochloric  acid;  grown 
in  2  per  cent,  pcptone-ltouillon  their  vitality  is  destroyed  in  the  .same 
time  on  the  addition  of  0.4  per  cent.  HCI.  In  any  case  the  organisms 
to  lie  tested  should  all  lie  trealwl  in  exactly  the  same  way  and  the  results 
ftccomjianietl  by  a  statement  of  the  conditions  under  which  the  tests 
were  made. 
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The  follovving  lalilp  gives  the  results  and  methods  used  in  au  actual 
experiment  to  test  the  cffirl  of  blood  serum  U|>on  the  disiiifetrtiiig  action 
bichloride  of  mercury  and  carbolic  add  upon  bacteria : 

FOR    THE    DiFKKHBNCB   Of    KKFBCT  OF    RirHLOBinF.  OF   MBRCOHY    AXn 

LRBour  Acid  .SoLrrioss  on  AaiTHKAx  ani»  Typhoid  Bacilli  in  Srkvu 
AVD  BouitiX)ir. 
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I^eces  of  sterile  thread  (one  Inch)  were  placed  in  bouillon  cultures 
anthrax  and  typhoid  bacilli  for  ten  minutes,  then  removed  to  Petri 
lishes,  and  dried  in  the  incubator  for  twenty-four  iiours.  These  were 
sen  placed  in  .serum  and  bouillon  respi-etively  (2.5  c.c.).  From  each 
,  control  was  taken.  Then  2.5  c.c.  HgClj  (1 JOOOJ  and  carbolic  solution 
P[6  per  cent.)  was  added  to  either,  as  shown  in  A,  B.  C,  ami  P.  From 
each  one  thread  was  taken  at  varying  periods  of  time  and  planted  in 
bouillon  tubes.  The  threads  from  A  and  13  (HgCl^  solution)  were 
vaalied  in  sterile  water,  then  in  a  solution  of  nmmnnium  sulphide  (23 
per  cent.)  to  remove  the  HgClj,  then  in  sterile  water  again,  tlien  in  the 
bouillon.  The  threads  from  the  rarliolic  .solution  wore  washed  in 
sterile  water  before  planting. 

Obser\'atians :  The  serum  seems  to  have  an  inhibitory  action  with 
the  bichloride  solution,  allowing  u  growth  up  to  furty-five  minutes,  while 
with  the  bouillon  the  action  is  much  quicker,  preventing  a  growth  after 
an  exposure  of  one  oiiuute  or  over.  With  the  carbolic  acid  solution  the 
sertuR  made  less  difference  In  the  results. 

Many  substances  which  are  strong  disinfectanLs  become  altered 
idcr  the  conditions  in  which  they  are  u.sed,  so  that  they  lase  a  portion 
'or  all  of  their  geniiiciilal  jirupcrtics;  tlius,  quicklime  and  milk  of  lime 
act  by  means  of  their  alkali  and  are  di.siufeeting  agents  only  .so  long  as 
sufHcient  calcium  hydroxide  is  present.  If  this  is  changed  by  the  carbon 
dioxide  of  the  air  into  carbonate  of  lime  it  becomes  harmless.  Bichloride 
of  mercury  and  many  otlier  chemicals  fonn  compounds  with  many 
organic  and  inorganic  substances,  which,  though  still  germicidal,  are 
much  lesis  so  than  the  original  sub.stanccs. 
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The  Disinfecting  Properties  of  the  More  Oommonly  Used 

Disinfectants. 

Bichloride  of  Mercury.— This  ^substance,  when  present  in  1  part  id 
1,000.000  nuirieiit  /i^cflntin  or  Ixniilloi),  prevents  liie  development  of 
parnsitic  bactena.  In  water  I  part  in  .'lOtl^OOO  will  kill  many  varieties 
in  a  few  minutes,  Ijiit  in  lx>tiiUon  twenly-four  hours  may  be  needed. 
With  nr<^nic  snlistanc<'s  its  |miw*t  is  lessenetl,  so  that  1  part  (o  IIXK) 
may  be  reticiired.  "Most  spores  nrf  killed  In  1:1000  watery  soltilion 
within  one  hour.  Corrosive  suhlirnate,  as  already  noted,  is  less  effective 
&s  a  germidJe  In  alkattnc  ntiids  containing  much  albiiiiiinciu-s  substance 
tlinn  in  watery  solution.  In  such  Uiu<ls,  besitie.s  loss  in  other  ways. 
precipitates  of  albuminate  of  mercury  are  formed  which  are  at  first 
insoluble,  .so  that  a  part  of  the  rnerruric  .«alt  does  not  really  exert  any 
action.  In  alkaline  solutions,  such  as  bloc^d,  blood  serum,  pus,  tissue 
fluids,  etc.,  the  sohible  compound-s  of  mereury  are  converted  into  oxides 
or  hydroxides.  Ilie  soluble  corupnunds  can,  of  course,  remain  in  .solu- 
tion only  when  tlicre  are  pre.^iciit  sufficient  c|uantities  of  certain  bodies 
which  render  scilutiuu  pu.ssib)e.  Bodies  of  tiiis  sort  are  especially 
the  alkaline  cldorides  and  iodides,  and,  above  ail.  sodium  chloride  and 
ammonium  chlori<le.  A  very  simple  way  of  preventing  precipitation 
of  the  mercury,  then,  h  to  add  a  suitable  quantity  of  common  salt  to 
the  corrosive  sublimate.  Those  compounds  of  mercury  which,  like 
the  cyanides,  are  not  pi-eeipitated  with  alkalies,  because  they  at  once 
form  ilouble  salts,  recpiire  no  ad<lit)on  of  salt. 

For  ordinary  use,  where  corrosive  sublimate  is  einjiloyed,  solutions 
of  1:.tO0  iind  1:I0IX)  will  suflicf,  when  brought  in  contact  with 
bacteria  in  that  strcii^h,  to  kill  the  vegetative  forms  within  fifteen 
minutes,  the  stronger  solution  to  be  used  when  much  organic  matter 
b  prt'.<eiit. 

Biniodide  of  Mercoiy.— This  salt  is  very  similar  in  its  effects  to  the 
bichloride.     It  is  soniewhat  more  powerful. 

NitJat«  of  Silver. — Nitrate  of  silver  in  .soUuion  has  about  one-fourth 
the  value  of  the  liichloriile  of  mercury  as  a  di.sinfrclant,  but  nearly  the 
same  valtu"  in  inhibiting  growth. 

Sulphate  of  Copper. — 'INiis  salt  has  about  50  per  cent,  of  the  value  of 
mercuric  chloride.  It  has  a  t^pute  reriiarkable  affuiity  for  many  foruis  of 
algn\sotlml  when  in  water  1: 1,(X)U,000  it  destroys  many  forms;  1:  100.000 
destroys  typhoid  bacilU  in  twenty-four  hours  when  the  water  has  no 
excessive  amount  of  organic  material.  It  'is  not  known  to  be  poisonous 
in  this  strength,  .so  that  it  can  I»e  temp>rarily  addetl  to  water  supplies. 

Sulphate  of  Iron. — ^lliis  is  a  much  less  powerful  disinfectant  than 
suIpliHte  of  copper. 

Sodium  Compounds. — A  ^0  per  cent,  solution  of  XaOH  kills  anthrax 
apon*s  ill  alxml  ten  minutes,  and  in  -lijercent.  in  atwul  forty-G%'e  minutes. 
Sodium  carbonate  kills  spores  viitli  difficulty  even  in  concentrated  solu- 
tion, but  al  83"  C.  it  kills  spores  in  from  eight  to  ten  minutes.  A  5  per 
cent,  solution  kilb  in  a  short  time  the  vegetative  forms  of  bacteria. 
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E^¥D  ordinary  soapsuds  have  a  sUf^ht  bactericidal  as  well  as  a  marked 
clean?!ing  effect,  'i'he  bicarbonate  has  almost  no  destructive  effect  on 
batteria. 

Oalcimn  Oompoimds. — raleium  hydroxide  ra(OH),  is  a  powerful 
disinfectant;  the  rarboniite,  on  the  other  hand,  is  ahnost  of  no  effect. 
A  1  jMT  cent,  watery  solution  of  the  hydroxide  kills  bacteria  which  are 
not  in  the  spore  fonn  wilhtn  a  few  lu»nrs.  A  3  per  cent.  soUitlon  kills 
typhoid  bacilh  in  one  hour.  A  2U  per  cent,  solution  added  to  equal 
parts  of  feces  or  other  filth  and  mixed  T**ith  them  will  completely  sterilize 
them  within  one  hour. 

Effect  of  Acids. — .\n  amount  of  acid  which  e(]ualj!i40  c.c.  of  normal 
hydn^hloric  aci<l  per  litre  is  sufficient  to  prevent  the  growth  of  all 
varieties  of  bacteria  and  to  kill  many.  Twiet^  thi^i  amount  destroys  most 
haeieria  within  a  short  time.  The  variety  of  acid  makes  little  difference. 
Bulk  for  bidk.  the  mineral  acids  are  Tuon-  ji^'rmieidal  than  the  vejjftable 
acids,  but  that  is  because  their  molecular  weight  is  so  much  less.  \ 
1:51)0  sidution  of  sulphuric  acid  kills  typhoid  hacilli  within  one  hour. 
Hydrochloric  acid  is  al)out  one-third  weaker,  and  acetic  acid  some- 
what weaker  still.  Citric,  tartaric,  malic,  formic,  and  salicylic  acids 
are  sindlnr  to  acetic  arid.  Boric  acid  destnjys  the  le-ss  resistant  Imc- 
teria  in  2  per  cent,  soludon  and  inhibits  the  others. 

CM.S0OU8  Disinfectants. 

Tbe  (Temufidal  action  of  gases  is  much  more  active  in  the  presence 
of  moisture  than  in  a  dry  condition. 

Numerous  experiments  have  been  made  ^sith  sulphur  dioxide  gns 
(SfJ,),  owing  to  the  fact  that  it  has  l)een  so  extensively  used  for  the 
disinfection  of  hospitals,  ships,  apartments,  clothing,  etc.  This  gas 
ii  a  much  mon-  active  gemiieide  in  a  moist  than  in  a  dri'  condition; 
due,  no  douht.  to  the  forniiition  of  the  more  active  disinfecting  agent 
—sulphurous  acid  (H^Og).  In  a  pure  state  anhydrous  sulphur  <lioxiile 
does  not  destroy  spores,  and  is  not  certain  to  destroy  bacteria  not  in 
spore  form.  Sternberg  has  shown  that  the  spores  of  the  bacillus  anthracis 
and  bacillus  subtiUs  are  not  killed  hy  contact  for  some  time  with  liquid 
SOj  flicjueticfl  by  pressure).  Kuch  found  that  various  species  of  spore- 
l>earing  bacilli  exposed  f*ir  ninety-six  hours  in  a  disinfecting  chamlKT 
tn  the  action  of  SOj,  in  (he  pnipnrtioii  of  from  4  to  1  percent,  by  volume^ 
were  not  destroyeil.  In  the  nl>.'<enc?e  of  spores,  however,  the  anthrax 
bacillus  in  a  moist  condition.  aHached  to  silk  threiuls,  was  found  by 
Sternberg  to  l>e  destroyed  in  thirty  minutes  in  an  atmosphere  containing 
1  volume  per  cent.  As  the  result  of  a  large  number  of  experiments 
with  SOj  as  a  di.sinfectant  it  has  been  lietermined  that  an  "exposure 
for  eight  hours  to  an  atmosphere  cotW;uniiig  at  least  4  volumes  per 
cent,  of  this  gas  in  the  presence  of  moisture"  will  destroy  most,  if  not 
all.  of  the  pathogenic  bacteria  in  the  absence  of  stwres.  Four  pounds 
of  sulphur  burned  for  each  1000  cubic  feet  will  give  an  excess  of 
gas. 
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Peioxide  of  hydzogtn  THjOj)  Ls  an  energetic  difunfectant,  and  id  2 
per  cent,  solnlioii  (alK)ul  40  jh't  wnt.  of  tlic  onlinarv  oommerdal 
article)  will  kill  the  spares  of  anthrax  in  from  two  to  thrw*  hours.  A 
20  per  tTiit.  solution  of  a  ptod  coiuiuercial  hydmgcn  jxroxide  solution 
will  quickly  destroy  the  pyogenic  cocci  and  oUier  spore-free  bacteria. 
It  combines  with  organic  matter,  becoming  inert.  It  is  prompt  in  its 
anion  and  not  poisonou.s,  hut  apt  to  deteriorate  if  not  properly  kept. 

Chlorine. — Chlorine  is  a  |>owerfiil  ga-seous  germicide,  owing  ili  aetintjr 
to  its  affinity  for  hydrogen  and  the  consof|uent  release  of  nascent  oxygen fl 
when  it  comes  in  c»jiitact  with  micro-organisms  in  a  moist  condilion.^ 
It  in,  tUen'fore,  a  niui-h  moi-e  active  germicide  in  the  presence  of  moisture 
than  in  a  dry  condition.  Tims,  Fischer  and  Proskauer  found  that 
dried  anthrax  spores  exposed  for  an  hour  in  an  atmosphere  containing 
44.7  per  cent,  of  dry  chlorine  were  not  destroyed;  but  if  the  spores  were 
prenously  moistenwl  and  were  exposed  in  a  moist  atmospiiere  for  Oie 
same  time,  4  per  cent.  wu.s  effective,  and  when  tlie  time  was  extended 
to  thiTP  hours  1  per  wnl.  destroyed  their  ntality.  The  anUirax  bacillus, 
in  the  absence  of  spores,  was  killed  by  exposure  in  a  moist  atn»osphere 
containing  1  part  to  2oO0  for  twenty-four  hours. 

In  watery  solutions  0.2  per  rent,  kills  spores  within  6ve  minutes  and^ 
the  vegetative  forms  almost  immediately. 

Chloride  of  Lime. — The  efficacy  of  chloride  of  lime  depends  on  the 
chlorine  it  conUiins  in  the  form  of  hypochlorites.  A  solution  in  water 
of  0.5  to  1  per  cent,  of  chloride  of  lime  will  kill  most  bacteria  in  one  to 
five  minutes.  A  5  per  cent,  solution  usually  destroys  spores  within  one 
hour. 

Mi'oiniiie  and  iodine  are  of  about  the  .<iame  value  a.s  chlorine  for 
gaseous  disinfectants,  in  the  moist  condition;  but,  like  chlorine,  they 
arc  not  applicable  for  general  u.sc  in  house  di.sinfection,  owing  to  their 
poisonous  and  destructive  properties;  they  ha\'e  a  use  in  sewers  and 
similar  places. 

Trichloride  of  iodine  in  0..t  per  cent,  .solution  destroys  the  vegetative 
forms  of  bacteria  in  five  minutes. 

Organic  Disinfectants. 

Alcohol  in  10  per  cent,  solution  iiiliibits  the  gro^-th  of  bactenZ 
absohite  alcohol  kills  bacteria  in  the  vegetaUve  form  iu  from  several 
to  tuenty-four  hours. 

Formaldehyde. — Formaldehyde,  or  formic  aldehyde,  was  isolated 
by  von  HiitTmanii  in  ISO",  who  obtained  it  by  [ias.sing  the  vapors  of 
methyl-aleohol  mixed  with  air  over  finely  divided  platiuum  heated  to 
redness.  The  luethyl-alcohol  is  oxidized  and  protluees  formaldehyde 
as  follows:  I 

C1I,0H  +  O  =  CH,0—  H,0.  ■ 

Formaldehyde  is  a  gaseous  comimund  haWng  the  chemical  formula 
CH]0  and  possessed  of  an  extremely  irritating  odor.  At  a  temperature 
of  68°  F.  the  gas  is  (xjlymeri zed— that  is  to  say,  a  second  body  is  fonncdM 
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cx>niposerl  of  a  union  of  two  molecules  of  CH,0.  This  is  known  as  a 
)Hiraformal(lehyde,  and  is  a  wlntf,  »oapy  \xn\\,  soliihlv  in  iMiilin^  water 
ami  alcohol;  it  exists  in  the  sohitioii  of  commerce — a  clear,  waterv 
lirjuiH  containing  from  .'W  to  40  per  rent,  of  the  gas  and  11)  to  2()  per 
cent,  of  iriethvl-ak'ohol,  its  chief  inipiinty.  If  the  conmiercial  solution — 
ordinarily  known  in  the  trade  as  "  formalin"^i.'i  evaporated  or  con- 
centrated above  40  per  cent.,  parafonnaldehvde  results;  and  when  this 
is  dried  "r  ewiw  over  sulphuric  acid  a  thini  bo<i_v— trioxjTncthyicne — 
is  prwiuced.  consisting  of  ihrcc  molecules  of  CH,0.  Tliis  is  a  white 
powder,  almost  soluble  in  water  or  alcohol,  and  giving  off  a  strong  odor 
of  formaldehyde.  The  solid  pol\"mers  of  formaldehyde,  when  heated, 
are  again  reduced  (o  the  gaseous  conditiun;  ignited,  they  (inally  take 
fire  and  hum  with  a  blue  flame,  leaving  but  little  ash. 

Formaldehyde  hn.s  an  active  affinity  for  many  organic  suKstance.s, 
and  forms  with  sonic  of  thcTn  definiie  chemical  con^binalions.  It  cnrn- 
hines  rea<lily  with  ammonia  to  prwiuce  a  compound  called  amraoniacal 
altlehyde.  which  pf»ssesscs  neither  the  odor  nor  the  antiseptic  properties 
of  formaldehyde.  This  action  is  made  u.se  of  in  neutralizing  the  odor 
of  formaldehyde  when  it  is  desired  to  dispel  it  rapidly  after  di.sinfection. 
Formaldehyde  also  forms  combinations  with  certain  aniline  colors — 
viz.,  fuchsin  and  safranin — the  shades  of  which  are  thereby  chauge<l 
or  intensified.  These  are  the  only  colors,  however,  which  are  thus 
a(Tc-c(ei!,  and  as  they  an-  .selilom  u.sed  in  dyeing,  owing  to  llu-ir  liability 
to  fade,  this  effect  is  of  little  jiractical  significance.  The  most  delicate 
fubric-s  of  silk,  wool,  coHon,  fur,  leather,  etc.,  aR*  unafTectwi  in  texture 
or  color  by  formaldehyde.  Iron  and  steel  are  attacked,  after  long 
exposure,  by  the  gas.  and  more  so  by  its  solution;  but  copper,  brass, 
nickel,  zinc,  silver,  and  gilt  work  arc  not  at  all  acted  upon,  l-'onnal- 
dehyde  unites  with  nitrogenous  products  of  decay — fennentation  or 
decomposition — forming  true  chemical  <'ompouiids,  which  are  odorless 
and  sterile.  It  is  thus  a  true  deodorizer  in  that  it  does  not  replace  one 
odor  !)v  another  more  powerful,  but  forms  new  chemical  conijjonnds 
whii'li  an>  <Klorless,  FuniiHlilchyiJe  has  a  peculiar  actifm  upon  albumin, 
which  it  transforms  into  an  insoluble  and  indecomposable  substance. 
It  renders  gelatin  in.solultle  in  Ixiiling  water  and  most  acids  and  alkalies. 
It  is  from  tliis  property  of  combining  chemically  with  the  albuminoids 
formitig  the  protopla.-jm  of  bacteria  that  formaldehyde  is  .supposed  to 
derive  its  bactericidal  powers.  Formaldehyde  is  an  excellent  presena- 
tive  of  organic  products.  It  ha.s  U'en  proposcfl  to  make  use  of  this 
mction  fur  the  preservation  of  meat,  milk,  and  other  food  pwtlticts; 
but,  acconling  to  Trillui  and  other  investigatiirs,  fomialriehyde  rentiers 
these  substances  Intllgestiblennd  unfit  for  food.  It  has  l>een  successively 
employed  as  a  preservative  of  pathnlogical  and  histological  s[K'ciineiis. 

There  are  no  exact  experiments  reconJcd  of  the  physiological  action 
of  fonnaldehyde  on  the  human  .subject  when  taken  internally.  Slater  and 
Ki^leal*  report  that  a  1  per  cent,  solution  has  lieeii  taken  in  con.siderable 


I  LADOet.  April  SI,  IBM. 


114 


PRISaPLSS  OP  BACTERIOlXtGY 


quantity  ^vithoiit  serious  results;  and  trioxyiii ethylene  has  been  given 
in  d(»st's  up  Ut  iH)  grains  as  an  intestinal  antiseptic.  The  va|M>rs  of 
formaldehyde  an'  extremely  irritating  to  the  mucous  membrane  of  the 
eyes,  nose,  and  nioutli,  causing  profuse  laeryniation,  coryza,  and  flow 
of  saliva.  Amnsini  reports  that  in  many  of  his  experiments  rnlibits 
anil  guiticn-pijrs  allowed  to  remain  for  twelve  and  tweuty-foiu"  hours 
in  rooms  which  were  beinj;  disiiifecleil  with  fonnaldehydc  gas  were  M 
found  to  W'  perfectly  well  when  the  rooms  were  openeil.  On  autopsy  " 
the  animals  showed  no  injurious  effects  of  the  gas.  Others  have  noticed 
that  animals,  such  ils  (ifjjfs  and  cats,  which  have  arcidentally  Iieen  con- 
fined for  any  len^h  of  time  in  rooms  undergoing  formaldehyde  disin- 
fection oocasionalty  died  from  the  effects  of  the  gas.  Many  ob-servers, 
however,  have  n-ported  that  insects,  such  a.s  roHche-s,  (lies,  and  lied- 
bugs,  are  not,  as  a.  rule,  affected.  The  re.sult  of  these  observations 
would  seem  to  iiulicjite  that  Klthough  forniahleliyde  is  comparatively 
non-toxic  to  ihe  higher  fonns  of  atiinnil  life,  nevertheless  a  certain 
degree  of  caution  should  Ix*  ohserved  ici  the  use  of  this  agent. 

The  results  of   numerous  experiments  have  shown  that  in  the  air] 
2.5  per  cctit.  by  volume  of  the  aqueous  solution,  or  1  per  cent,  by  volume ' 
of  the  ga.s.  are  sufficient  to  destroy  fresh  virulent  cultures  of  the  common 
pathogenic  bacteria  in  a  few  minutes.     The  researches  of  Pottevin 
and  Trillat  have  shown  that  fhe  gemiii-idal  power  of  the  gas  depends 
not  only  upui  it.s  concentration,  but  also  u[Min  the  tenxpcraturc  and  the, 
condition  of  Ihe  objects  to  be  sterilized.    As  with  other  gaseous  disin- 
fectants— viz.,  sul](luir  <iioxide  and  chlorine — it  ha.s  W'en  found  that  lhe( 
action  is  more  rapid  and  complete  at  higher  temperatures — i.e.,  at  3o° 
to  45**  C.  (d")"  to  121.1"  F.) — and  when  the  test  objects  are  moist  than  at  I 
lower  temperatures  and  when  the  objects  are  dry.    ^\i\\,  it  has  Iwen 
repeatedly  demonstrated  by  actual  experiment  in  rooms  that  it  is  pos-l 
.siblc  to  rli.sinfeet  the  surface  of  apartments  and  articles  contained  in 
them,  under  tin-   cfindilton.s  iif   It-iiijM-ratTire   and    moisture   ordinarily 
eidsring  in  nnmis  even  in  winter,  hy  an  exposure  of  a  few  hours  to  a 
saturated  atmnsplu-re  of  formaldehyde  gas.  ^ 

Stahl  has  shown  that   bandages  and  iodoform  gauze  can  be  kept  fl 
well  sterilized    by  placing  in   the  jars  containing  them   pieces  of  a 
preparation   of    para  formaldehyde   in   tablet    form   containing  oO  per 
cent,  of  ft)rma3deliy<le.     'Hie  same  experimenter  has  also  succeeded 
in  making  carpets  and  articles  of  clotliing  gcnn-frcc  hy  spraying  tliem  m 
with  0..i  to  2  per  cent,  .solution  of  formaldehyde  for  fifteen  to  twenty  ■ 
minutes  without  the  color  of  the  fahrit^s  iM'ing  in  any  way  affected. 
The    irivesiigniiiius   of   Trillat,    .-Vroiisoii,    Pntteviii.    and   others   have 
shown  that  a  concentration  of  roJoo  "^  ''^''  aqueous  solution  (40  per 
cent.).  et|ual  to  ^-,1^1}  of  P"^'  fonnaldehydc,  was  safe  anil  sufficiently  m 
powerful  to  retanl  bacterial  growth.  f 

A  2  per  cent,  watery  solution  of  formalin  destroys  the  vegetative 
forms  of  bacteria  within  five  minutes.  In  our  experiments  formalin 
has  upon  the  vegetative  forms  about  one-half  the  strength  of  pure 
carbolic  acid. 
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Ohiorofonn. — This  substance,  even  in  pure  form,  does  not  destroy 
sptires,  but  it  docs  bacteria  in  vegetative  form,  even  in  I  per  cent,  solu- 
tion. Chioroform  is  nseil  practically  in  sterilizing  and  keeping  sterile 
blond  seniin.  which  can  be  used  later  for  culture  purposes  by  driWng 
off  the  chloroform. 

Iodoform.  This  substance  ha-s  but  very  little  destructive  action  upon 
bacteria:  indeaj.  upon  most  varieties  it  iiaa  no  appreciable  effect  what- 
ever. When  mixed  with  putrefying  matter,  wound  discharges,  etc., 
the  iotJoform  is  reduccfl  into  snliible  iodine  compounds,  which  partly 
act  destnictively  iijjon  the  bacteria  and  partly  unite  with  the  poisons 
already  prmhiced. 

OarboUc  Acid  (C,H,OH).— A  solution  having  1  part  to  1000  inhibits 
the  gniwih  of  bacteria;  I  part  to  100  kills  the  less  resistant  bacteria, 
and  I  part  to  100  kills  the  reinatnder.  \  .'»  per  cent,  suliilion  kills  the 
less  resistant  spores  within  a  few  hours  and  the  more  rer*istant  in  from 
one  day  to  four  weeks.  A  slight  increase  in  temperatun.-  aids  the  destmc- 
tivc  action;  thus,  even  at  37.5°  spores  are  kilfed  in  three  hours.  A  3 
per  cent,  .solution  kills  streptococci,  staphylococci,  anthrax  bacilli,  etc., 
within  One  minute.  ("arlMtlic  acid  loses  riiiich  of  its  value  when  in  solu- 
tion in  alcohol  or  ether.  An  addition  of  0..*i  IICI  aids  its  activity.  Car- 
liolio  acid  is  so  permanent  and  so  comparatively  little  in6ueneed  by 
albumin  that  it  is  rightlv  widely  used  in  practical  disinfection  even  in 
places  of  more  powerful  substances. 

Oresol.— Cresul  [rj-I^(CTl3)OH]  is  the  chief  hign-dtcnt  of  the  so- 
called  "crude  carlwlic  acid."  This  is  almost  insoluble  in  water,  and 
therefore  of  restricted  value.  Many  methods  are  used  for  bringing  it  into 
solution  so  85  to  make  u.se  of  its  powerful  disinfecting  properties.  With 
equal  pans  of  crmle  sulphuric  acid  it  is  a  powerful  disinfectant,  but 
it  is,  of  eoiir'ie,  strongly  corrosive.  An  alkaline  emulsion  of  tliR  cresols 
and  other  products  contained  in  "crude"  carbolic  acid  with  soap  ii 
r-alled  creohn.  It  is  usetl  in  1  to  o  per  cent,  emulsions.  It  is  fully  as 
powerful  as  pure  carbolic  acid.  hy»iA  is  similar  to  creolin,  except  that 
It  has  more  of  the  cresols  and  less  of  the  riiher  products.  It  and  creolin 
are  of  about  the  same  value. 

Tricreiot. — ^Tricresol  is  a  retined  mi.\ture  of  the  three  cresols  (meta- 
cresol,  paracresol.  and  orthocresol).  It  is  soluble  in  water  to  the 
extent  of  2..'i  per  cent.,  and  is  abt^ut  three  times  the  strength  of  carbolic 
acid. 

Aniline  Dyes. — Some  of  these  c<jlors  pos.sess  marked  germicitJal 
qualities,  .\ccording  to  obHcrvers.  methyl  violet  (pyoktanin)  and 
malachite  green  destroy  the  t\"phoid  bacillus  in  bouillon  cultures  in 
tlw  pro|K>rtion  of  1 :  3H)  in  two  hours'  c.\[msure,  and  the  pyogenic  cocci 
in  less.  In  1 :  100.{HKl  sclutions  they  are  said  to  retard  ihr  development 
of  bacteria. 

Oil  of  lur]}entine,  1 :2lW,  prevents  the  growth  of  bacteria. 

Camphor  has  very  slight  antiseptic  action. 

frciisfiie  in  1 ;  20O  kills  umny  liactena  in  ten  minutes;  1 :  100  failed 
to  kill  tulierele  liacilli  in  twelve  hours. 
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Essential  oils:  Cardiac  and  Meumir  found  that  the  essences  of  dn- 
namon,  cloves,  thyme,  and  others  killed  typhoid  badlli  within  one 
hour.    Sandalwood  required  twelve  hours. 

Thymol  and  eucalyptol  have  about  one-fourth  the  strength  of  car- 
bolic acid  (Behring). 

Oil  of  peppermint  in  1 :  100  solution  prevents  the  growth  of  bacteria. 

Table  op  Antiseptic  Values.' 


Alum    .... 

222 

Herourlo  cblortde 

14,800 

Aluminum  ftcetat*    . 

6000 

Mercuric  Iodide . 

40,000 

AinmoDlum  chloride. 

9 

Potaadum  bromide    . 

10 

Borloftcld    . 

la 

10 

Calcium  chloride 

25 

Potaaeium  permaoganate 

800 

Calcium  hypochlotlte 

1000 

Pure  formaldehyde    . 

20,000 

CkrboUc  add 

B33 

QulBlne  lulpbate 

soo 

Chloral  bjdmte . 

107 

SIlTer  Ditrata 

12,600 

Cuprlc  lalphatc . 

2000 

Bodlum  borate    . 

14 

Ferroua  tulpbau 

3O0 

Sodium  chloride 

« 

Formaldehyde  (40  %). 

10,000 

Zinc  chloride 

500 

Hydrogen  peroxide   . 

20,000 

ZIdo  nilphate 

20 

>  Theae  figurei  are  approximately  correct,  and  represent  the  percentace  of  dUaftctant  reqoirad 
to  be  added  to  a  fluid  containing  considerable  organic  material,  la  order  to  permanently  Inhibit  any 
baotenal  growth. 


CHAPTER  X. 

PRACTICAL  DISINFECTION"  AND  STEUTM7„\TION  tHOUSE.  PEU-SON, 

INSTRUXrENTS.  AND  FOOD)  -STERILIZATION  OF  MILK 

K<IH    rEKDINfi  INFANTS. 


Disinfectants  and  Methods  of  Disinfection  Employed  in  the 
House  and  Sick-room. 

Disinfection  and  Disinfectants.— Sunlight,  pure  uir,  and  cleunlincss 
are  always  vcrv  iniporiani  pgciiLs  in  maintainiTi^  health  an<^l  in  protert- 
ing  the  \hh\\  Af;ain.st  many  forms  of  illness.  When,  however,  it  beromes 
necessary  to  giiani  ag«in.*it  siicli  .s]wcial  ilangers  a.s  Kccntniilatwl  filth 
or  iNjntagious  diseases,  disinfection  is  essentiul.  In  order  that  disin- 
fection shall  afTonI  complete  protection  it  must  be  thoroiigh;  and  per- 
fect cleanliness  is  lu-tter,  even  In  the  presence  of  contUjcious  disease, 
tlian  fdth  wiih  poor  disinfection. 

Since  all  fonns  uf  fermentation,  decomposition,  and  putrefaction, 
as  well  as  the  infectious  and  contagious  <lisea8Pii,  are  caiLseil  \>y  micro- 
organisms, it  is  the  ohject  of  disinfection  to  kill  these.  Decompo.tition 
and  putrefaction  should  at  all  times  l>c  prevented  hy  the  immediate 
destnietiori  or  removal  from  the  neighlxirhood  of  the  dwelling  of  all 
usielcs.*i  putrcsc-ihle  sulistances.  In  order  that  as  few  articles  a.^  possible 
shall  !*•  exposLiI  to  ihe  ((erms  causing  the  contagious  di.seases,  and  thus 
bec*»nie  carriers  of  infeetioii,  it  is  im{}ortant  that  all  articles  not  neces- 
^rv  for  innuediate  use  In  the  care  of  the  sick  person,  especially  uphol- 

jrecl  furniture,  carpets,  and  curtains,  should  be  removed  from  the 
room  before  placing  the  sick  person  in  it. 

Agents  for  Cleansing  and  Disinfection. 

Too  much  emphasi.s  cannot  Im?  placed  upon  the  itnponance  of  cleanli- 
ness, lK)th  as  regards  the  person  and  the  dwelling,  in  preserving  health 
and  pr*necting  the  body  from  all  kind.s  of  iufectiou.s  disease.  Sunlight 
ami  fre.sh  air  .should  l>e  freely  a<lmitted  through  0[>e!i  windows,  and 
personal  cleanliness  should  he  attained  hy  frer|neritly  washing  the 
hands  and  Itody, 

Oeanliness  in  dwellings,  and  in  all  places  where  men  go,  may,  under 
onlinary  einMiinslaiia-s.  Ix-  well  mainlaiiifd  liy  the  use  of  the  two  fol- 
lonHng  s4ilulions: 

1.  Soapsuds  Bolntion. — For  simple  cleansing,  or  for  cleansing  after 
the  iiicthod  uf  ili.sinfection  by  chemicals  described  below,  one  ounce  of 
oommon  so^la  should  be  added  to  twelve  quarts  of  hot  soapsuds  (soft 
»ap  and  water'). 
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2.  Strong  Soda  SoluUon.^Tliis,  whifh  is  a  stronger  and  more  effective 
cleansing  sohiliuii  and  also  a  feeble  disinfectant,  is  made  bv  dissolving 
one-half  ponnd  of  common  sofIa  in  three  gallons  of  hot  water.  Tlie 
solution  tlut:«  obtained  should  lie  applied  by  ^-nibbing  witli  a  hard  brush. 

When  it  becomes  ncces-sary  to  arrest  pntrefacrion  or  to  prevent  the 
spread  of  contapous  disea-ses  by  surely  kilUnf;  the  Ijvinp  germs  which 
cau.se  them,  more  |M)UTrful  agents  uui.st  If  employed  than  those  re- 
quired for  simple  cleanline.ss,  and  these  are  r^nnimonly  palled  disin- 
fectants.   The  inllowing  art-  .some  of  the  nu»t  n*liable  oiies: 

3.  Heat. — Complete  destruction  by  fire  is  an  ab.iolutely  safe  method 
of  dtspo^^ing  of  infected  articles  of  small  value,  but  continued  high 
temperatures  not  as  great  as  that  of  fire  will  destmy  all  fonns  of  Hie; 
thus,  boiling  or  .steaming  in  closed  vessels  for  one-half  hour  will  atuo* 
lately  destroy  all  disease  genns. 

4.  Oirbolic  Acid  Solution. — Dissolve  six  ounce.s  of  carlwlic  acid  in 
one  gallon  of  hot  water.  This  makes  approximately  a  5  per  cent,  solu- 
tion of  farbolic  aciil,  wliich,  fur  itiaiiy  purpo.ses,  may  U*  dilutetl  with 
an  eqiial  quantity  of  water,  The  eonmiemal  "soluble  crude  rarlKiUc 
add  "  can  he  used  iii-stead  of  the  pure  carliolic  acid  for  privies  and 
drains.  It  makes  a  white  emulsion  on  account  of  its  not  entering  ^ 
readily  into  solution.  Care  must  be  taken  that  the  pure  add  doesf 
not  come  in  ^-ontart  with  the  skin. 

5.  Bichloride  Solution  (bichloride  of  mercury  or  corrosive  sublimate). 
— Dissolve  sixty  grains  of  pulverized  corrosive  subHmate  and  two  table- 
spoonfuLs  of  common  salt  in  one  gallon  of  hoi  water.    This  .solution,  _ 
which   is  aj^pitixiniately    1 :  H)00,  must   be   kept  in  gla^s,  earthen,  orH 
woollen  vessels  (not  in  metal  ves.seLs).     For  safety  it  is  well  to  cover 
the  solution. 

The  carbo 
by  the  mouth 

fi.  Blilk  of  Lime. — This  mixture  is  made  by  adding  one  quart  of  dry, 
freshly  slaked  lime  to  four  or  five  quarts  of  water.  (IJme  i.s  slaked  by 
pouring  a  small  f|uantity  of  water  on  a  lump  of  quicklime.  The  lime 
becomes  hot,  crumbles,  and  as  the  slaking  is  completed  a  white  powder 
results,  Tlie  powder  is  usprl  to  make  milk  of  l!nie.)  Air-slaked  Ume^ 
(the  earbniintel  ha'*  no  vulue  as  a  disinfectnnl.  ^ 

7.  Dry  "Chloride  ol  Lime."  -This  must  be  fresh  and  kept  in  closed 
vessel.^  or  piickages.    It  should  have  the  strong,  pungent  oilor  of  chlorine, 

S.  Formalin. — Add  I  part  of  fonnaUn  to  ID  of  water,  litis  equaU 
in  value  tlie  .'»  per  cent,  carbolic  acid  solution. 

9.  OreoUa.  tricreBol,  and  Ijsol  arc  of  alioul  die  same  value  as  pu 
carbolic  acid. 

The  proprietary  disinfectants,  wliich  are  so  often  widely  advertised 
and  whose  rximposition  is  kept  secret,  are  relatively  expensive  &nd 
often  unreliable  and  inefficient.  It  is  important  to  remember  that 
substances  which  destroy  or  disguise  bail  fwlors  arc  not  necessarily 
disinfectants,  and  that  there  are  very  few  disinfectants  that  are  not 
poisonous  when  taken  internally. 


lie  and  liichloride  solutions  are  very  poisonous  wlien  takenfl 
1.  but  are  liannless  when  used  exteniallv. 
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IXoTK. — ^The  cost  of  the  pure  carbolic  arid  sohilioti  is  much  greater 
than  that  of  most  of  (he  other  solutions.  Imt  except  for  the  disinfection 
of  the  skin,  which  in  some  persons  it  irrilates.  and  of  woodwork,  it  is 
generally  much  to  U^  preferred  by  those  not  thorounhly  familiar  with 
disinfectants,  as  it  «loes  not  deteriorate,  and  is  rather  more  untfonn  in 
its  action  than  some  of  the  other  disinfectants.] 


Methods  of  Disinfection  in  Infectious  and  Contagious  Diseases. 

The  diseases  to  be  rommonly  guarded  against,  outside  of  surgery, 
by  disinfection  are  scarlet  fever,  measles,  diphtheria,  tuberculosis, 
smallpox,  ij-phoid  and  typhus  fever,  bnSonir-  plague  and  cholera, 

1.  Bands  and  Person.- — Dilute  the  carboHe  soKilIon  with  an  e<]ual 
anaount  of  water  or  use  tlie  bichloride  solution  without  dihition.  Hands 
soilefl  ill  caring  for  (wrsons  sutferinf'  from  cunfjigious  diseases,  or  soiled 
portions  of  the  patient's  body,  should  be  immediately  and  thorouphly 
washed  with  one  of  these  solutions  and  then  washinJ  with  soap  and 
water,  and  finally  immersed  apain  in  the  solutions.  The  nails  should 
alwav?  Ixr  kept  (M-rfectty  clean.  Before  catinp;,  the  hands  should  l)e 
first  wa^shed  in  one  of  the  above  soUilions,  and  then  thorouphly  scrubbed 
with  «oap  and  water  by  means  nf  a  brush. 

2.  Soiled  cLotbiag,  towels,  napkins,  beddiag,  etc.,  should  l>e  imme- 
diately imnn-nvcd  in  the  earbnhe  solnlion,  in  the  sick-rooin.  and  ftoak)*d 
for  one  or  more  hours.  They  should  then  \>q  wruup  out  and  boiled  in 
the  soapsuds  solution  for  one  hour.  Articles  such  as  U-ds,  wmdlen 
clolhinf:^.  etc.,  which  cannot  lie  washwJ.  shouhl  at  the  end  of  the  (liseaae 
be  referred  to  the  Health  IVpartoient.  if  such  is  witliin  reach,  for  dis- 
infection or  destruction;  or  if  there  is  no  publie  disinfection,  these  j^oods 
shouUi  be  thorouphly  exposed  to  formaldehyde  j»a.s.  as  noted  later. 

.3.  Food  and  Drink.— Food  thorouphly  eooked  and  drinks  that  have 
been  hoileil  are  free  from  tlisease  pcmis.  FchkI  and  drinks,  after  eook- 
ing  or  Imiling,  if  not  immediately  used,  should  be  plaoeil  when  eool  In 
dean  dishes  or  vessels  and  cinx-ird-  In  the  presence  of  an  e|)i4leniic 
of  cholera  or  tji>hoid  fever,  milk  antl  water  used  f*ir  drinkinp,  enoking, 
washing  dishes,  etc.,  should  Imt  boiled  Ix-fure  using,  and  all  persons 
siiould  avoid  eating  tmcooked  fruit  an<l  fresh  vepetablcs.  Instead  of 
boilinp  milk  may  l>e  heated  to  -S()°  C.  for  one-half  hour. 

4.  Discharges  of  all  kinds  from  the  month,  nose,  bladder,  and  bowels 
of  patients  siilTerinp  fri»in  euiiiiij,'inus  disfasf-s  shouhl  be  n^ceived  into 
glass  or  earthen  vessels  eontnininp  the  carlMilic  .solution,  or  milk  of  lime, 
or  they  should  Ih*  removed  on  pieces  of  eloth,  wliicli  are  itnmediately 
immerseil  in  one  of  these  s<»hitions.  Special  care  should  lie  ubsfrvi-d 
to  disinfect  at  once  the  votnited  malti-r  and  the  iiUrstinal  ili.seharpes 
from  cholera  patieuLs.  In  typhoid  fever  the  urine  and  the  intestinal 
discharges,  and  in  diphtheria,  measles,  and  scarlet  fever  the  discharges 
from  the  throat  and  nose  all  rarry  infeetion  atui  should  be  treated  iu 
the  same  manner.  The  volume  of  the  solution  used  to  <li.sinfect  dis- 
charges should  be  at  least  twice  as  gi-eat  as  that  of  the  discharge,  and 
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should  completely  mix  vnih  and  cover  it.  After  standing  for  on  hi 
or  more  the  disinft'i-liii^  snintioii  with  tlie  dischiir^'-s  may  Iw  thrown 
into  the  watcr-clost't.  Cloths,  towels,  niipkins,  l)ed(Iing.  or  clothing 
»oiIed  l>y  (he  di.schar^s  miLst  l>e  at  onc«  placet!  in  the  carbolic  solution, 
anrl  the  hands  of  the  attendants  disinferted,  as  described  al»ove.  In 
corivalcM'eiicc  fmni  nifiuslrs  ami  scaHi-l  fevi-r  the  scales  from  the  »kin 
are  alsci  carriers  of  infeclioEi.  Tu  prevent  (lie  <Iisseinii)Htion  uf  disease 
by  means  of  tltese  scales  the  skin  shoiiU!  be  cHrrfully  wjtstuvl  daily  in 
wami  soap  and  water.  After  use  the  soapsuds  should  be  disinfected 
and  thrown  imo  the  water-closet. 

Musses  of  fcees  are  extremely  dilKcult  to  disinfect  except  on  the 
surface,  for  it  takes  disinfceiants  such  as  tht*  carlKtlic  acid  solution 
some  twelve  hours  to  penetrate  to  their  interior.  If  fecal  mas.<«cs  are  to 
be  thrown  into  places  where  the  disinfectant  solution  covering  thetn 
will  be  washed  off,  it  \%ill  lie  necl'^sary  1o  Ik*  certain  that  the  disinfectant 
htt-s  previously  [H'netrateil  to  all  ptirtiims  and  de.striiyi'd  the  di.sea.se 
(jerms.  This  can  I^k*  brtmght  aUiUt  by  stirring  them  with  the  disin- 
fectant an<l  allowing  the  uiixtun'  lo  stand  for  one  hour,  or  by  wa-shing 
theni  into  a  |K)t  holding  soda  .solution  which  is  already  at  the  Imiling 
tenipcratun-,  or  later  will  Ik-  liruiighf  to  one. 

5.  Sputum  from  Ootuamptive  Patients. — The  importance  of  the  proper 
di.siiifedion  of  the  .sputum  from  rtmsumptive  patients  is  still  under- 
estimated. ('nn.sumptiiHi  i.s  an  itifectiou.s  disease,  and  is  always  the 
result  of  trail.';  11  tissi<m  frt>m  tlie  sick  to  the  heallhy  or  from  animal.^  to 
man.  The  sputum  c-outnins  the  germs  which  cause  the  disease,  ond 
in  H  largt-  prupiirtiim  of  ciuses  is  the  source  of  infection,  .■\fler  iH'iug 
discharged,  unless  pi-o])«'rly  dispose<l  of,  it  may  liecome  dr\-  ami  pul- 
verized and  float  in  tlie  air  as  dust.  This  dust  contains  the  germs,  and 
is  a  common  cause  of  the  disease,  through  inhalation.  In  all  cases, 
therefore,  the  .sputum  should  be  <lisiufeete(]  when  discharged.  It  shouhl 
be  receiveil  in  covererl  cups  rtnilairsitig  the  carl>olic  or  milk-of-lime 
solution.  Handkerchiefs  soiled  by  it  should  lie  soaked  in  the  carbolic 
sohitiim  and  then  boite<l.  Dust  fmm  the  walls,  niouUlings,  pictures, 
etc.,  in  rooms  that  have  In-en  occiipicfl  by  omsuuiptive  patient^*:,  where 
the  ndes  of  cleanliness  have  not  l)een  carried  out,  ctmtain  the  p-rms 
and  will  pnHluce  tulwremlnsis  in  aiiinuils  when  usi'd  for  their  iniH'ulation; 
therefore,  rooms  should  l>e  thoroughly  disinfeete<l  liefore  they  an-  again 
occupic<l.  If  the  sputum  of  all  consumptive  patients  were  destroyixl 
at  once  when  di.scharged  a  large  proportion  of  the  cases  of  the  disease 
would  Yie  prev<-ntfd. 

5.  01o««t8,  Kitch«n  and  Hallway  Sinks,  ate.— 'Hie  closet  should  ner«r 
be  used  for  infectetl  discharges  until  they  have  U-en  thoroughly  disin- 
fected, if  it  em>  l>e  avoi4le(l ;  if  done,  one  pint  of  rarliolie  solution  sltould 
be  tyonretl  into  the  pan  (after  it  is  emptied)  and  allowed  to  remain  there. 
Sinks  slumld  l>c  Hushe<l  at  least  once  daily. 

7.  Dishes,  knives,  forks,  spoons,  etc.,  used  by  a  patient  should,  u»  a 
rule.  Ite  kept  for  his  exclusive  use  and  not  renn>veil  from  the  rootu. 
They  should  be  wa.shed  first  in  the  carbolic  solution,  then  in  boihng^ 
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hot  soapsuds,  «nd  finnlly  rinsfd  in  hot  water.  These  wiushing  Hiiiils 
shoiihl  afterwuni  l»e  ihronii  into  the  water-clowt.  llie  reiii»in.'$  of 
the  patient'^  meals  may  Ik^  Imrneil  or  thrown  into  a  vessel  containing 
the  carlwlic  solution  or  milk  nf  lime,  nml  allowift  to  stand  for  <iiie  hour 
IwfntT  Ih'Imu  llirouii  iiw'HV. 

S.  Rooms  snd  Their  Oontonts. — Rooms  wliich  have  been  oceupietl  liy 
persona  suffering  from  contagious  (lisease  should  not  Ite  again  oc"<"Upiecl 
until  t!u.'y  have  lut-n  (hon)ughly  rlislnfecleil.  For  this  pur[>ose  either 
careful  fumigation  with  formaldehyde  gas  or  sulphur  should  Ik*  em- 
ploye<l,  or  this  combined  with  tlie  folUfwing  procedure:  f'arpett,  <'iir- 
tains,  and  npliolsleretl  furniture  which  have  lieen  soiled  t>y  rlischarges, 
or  which  have  l»een  exposed  to  infection  in  the  room  during  the  illness, 
will  Ik."  rcniuvei!  for  dismfcclioii  (n  chambers  wlicrc  they  ran  lie  exjHiswi 
lo  formahlehyde  gas  and  moderate  uarmtli  for  twelve  (o  twenty-f<uir 
urs.  or  to  steam.  Some  carpels,  such  as  many  \Vihc)tis.  are  dis- 
lored  by  moist  steam.  These  must  be  put  in  the  fonnalilehyde  cham- 
ber.    Woodwork,  doors,  and  plain  furniture  will  be  thoroughly  washed 

I      with  the  soapsuds  and  bichlnride  solutions. 

I         9.  Kags,  cloths,  and  articles  of  small  value,  which   have  been   soiled 
bv  dis4'harge.N  ur  infected  in  nfher  wnvs,  should  Iw  l»oilc«l  or  liumcil. 

10.  In  CAM  of  death  the  body  shonltl    U-    niinplctely  wrapped    in 
spverfU  thicknesses  of  cloth  wrung  out  of  the  carbolic  or  bichloride 

I     solution,  an«I  when  possible  placed  in  an  heruictically  sealnl  (.'olTm. 

'  it  is  important  to  rememl>er  that  an  ahumiancr  of  fresh  air,  suntiyhi, 

and  absohUf  cleaniitu'ss   not   einlv   helps   pn)tcct   the   attcinlants   from 

Infection  and  aid  in  the  recovery  of  the  sick,  but  directly  destroys  the 


Methods   of   Cleanliness   and  Disinfection  to  Prevent  the 
Occurrence  of  Illness. 


1.  Wat«r-clo£BC  bowU  and  all  receptacles  for  human  excrement  .should 
krpi  |«Tfeclly  clean  by  fmiuenl  fhishing  Willi  a  large  <|iianlify  of 
water,  and  as  often  as  necessary  di-^infected  with  the  cariiolic.  bichloride, 
or  other  cflicienf  snUiiions.     The  woodwtirk  anmnd  aud  Ix'neath  them 

lould  l>e  fre(|uently  scrubhi-d  with  the  hot  soapsuds  sohidon. 

3.  Sinks  and  the  woodwork  around  and  the  floor  beneath  them  should 
frequently  mid  thoroughly  scmblM-d  with  the  hot  simpsuds  solution. 

;j.  School  Sinks. — .'^cho(Jl  sinks  shouhl  be  thoroughly  flushed  with  a 
rge  «:|uantity  of  water  at  least  twice  ihiily,  anil  shonltl  lie  carefully 
leanwl  twice  a  week  or  ofteiier  by  scrubbing.     Several  quarts  of  the 
cerholie  solution  should  Iw  fretpientlv  thrfiwn  in  the  sink  after  it  ha.s 
n  flushed. 

4.  Cesspools  and  Privy  Vaults.     .Vn  abundance  of  milk  of  lime  or 
chloride  of  lime  should  be  thmwn  into  these  ilaily,  and  their  contents 

ould  l>e  frefjiiently  nmovecl. 

5.  OdUars  and  rooms  in  cellars  are  lo  be  frequently  whitewashed,  and, 
necessary,  the  floors  .sprinkled  with  dry  chloride  of  lime.    AreoJi  and 
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paved  ynrciji  slimild  Ik?  I'leaiied,  scrulil^d,  and,  if  necessary,  wasli^ 
with  the  bichloride  sohition.  Sfrcei  gutU-rn  and  drains  should  be  cleaned 
and,  when  necessary,  sprinkled  with  chloride  e>I  lime  or  washed  wiih 
milk  of  lime. 

(i.  Air-«h»fts.— Air-shafts  should  be  first  cleaned  thoroughly  and  then 
whilewa>lieii.  'I'd  pn'veiit  teiiHiiLs  thn)wing  garbage  down  air-shafts 
it  is  sometimes  advisable  to  put  wiie  netting  oiitsiile  of  windows  open- 
ing on  shafts.  (VmcH'te  ur  asplialt  iMitloms  of  shafts  should  be  cleaned 
and  washed  with  the  bichloride  solution  or  sprinkled  with  chloride  of 
lime. 

7.  Hydrant  sinks,  garbage  receptaclei,  and  garbage  and  oystar-ehell 
chntoB  and  nceptades  should  be  cleanet]  daily  and  sprinkled  with  dry 
chloride  of  lime. 

K.  Rafrigerators  and  the  sorfaces  around  and  beneath  them,  domb- 
walters,  etc.,  nuiy  l>e  cleaned  by  .scrubbing  them  with  the  hut  soa])Sud.s 
sohilinri. 

9.  Traps.^Alt  traps  slioidd  be  flushed  dnilv  with  an  abundance  nf 
water.  ]f  nt  any  time  iht'V  Ix'come  foul  they  nuiy  l)e  cleaned  by  pouring 
consi<lerab)e  quantities  of  the  hot  strong  soda  solution  into  tbein.  fol- 
lowe^l  by  the  carbolic  st)!ution. 

U).  Urinate  and  the  Qoors  around  and  beneath  them  should  be  cleaned 
twice  daily  with  the  hot  soapsuds  solntion.  and  in  addition  to  this,  if 
offensive,  thev  mav  lie  disinfeeted  with  the  earb<jlie  solution. 

11.  Stable  Floors  and  Manuie  Vaults. — Stable  floors  should  be  kept 
clean  ami  occasionally  wasln-d  with  the  hut  soapsuds  or  the  hot  strong 
soda  solution.  Puwden'il  fn-sh  chloride  of  lime  or  formalin  may  be 
used  in  iniinun'  vaults. 

12.  Vacant  rooms  should  be  frequently  aired. 

13.  The  woodwork  in  school-hoaies  should  be  scrubbed  weekly  with  hot 
soapsuds.  This  refers  (o  floors,  doors,  dnor-handles,  and  all  woodwork 
touched  by  the  scholars'  bauds. 

14.  SpiUoons  in  all  public  places  should  be  emptied  daily  and  wa.shed 
with  the  htJt  soapsud.s  solution,  after  which  a  .small  (juantity  of  the  car- 
bolic soluliiHi  or  milk  of  liim-  slmulii  be  pui  in  the  vessel  to  receive  the 
expectoratifjii. 

1.").  Oars,  Forry-boata,  and  Public  Conveyances. — The  floors,  door- 
haudteti,  railings,  and  n\\  jmrts  touched  by  the  hands  of  passengers 
should  be  washed  frequently  with  the  hot  soapsutis  solution.  Slat-mats 
fnm  cars,  etc..  should  l>e  cleaned  by  scnibbing  with  a  stiff  brush  in 
the  hot  .soapsuds  solution. 

Telephone  receiver  nioutli-pieoes  should  also  l>c  frequently  cleansed. 

Use  of  Bromine  Solution  as  a  Deodorant. — Stautfhlrr'lwu.^trji,  butrltcrB' 
ice-boxes  and  waijims,  ircnchev,  excavutivntf  Mnhif  jUutra.  inanure-vaidts. 
dead  animah,  ojjai.  ufjat  diH'ka,  etc.,  may  be  deodorized  by  a  weak  solu- 
tion of  bromine,  which  is  a  valuable  agent  for  this  ])Urposc.  The  bromine 
solution,  however,  is  only  temporary  in  its  action,  and  nmst  l>e  used 
repeatedly.  It  should  be  applied  by  sprinkling.  Although  somewhat 
corrosive  in  it<  action  on  metals,  it  is  otherwi.se  harmless. 
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The  solution  of  bromine  miist  be  prepared  with  great  care,  as  the 
p«rc  bromine  from  which  it  h  niadc  is  dangiTous.  It  ts  very  raustic 
when  V>muj;ht  in  contact  with  thf  skin;  it  is  volatile  nnd  its  fumes  are 
vtTv  irritating  wlieii  inhaled.  To  prepart'  the  sohition  an  ounce  bottle 
of  liquid  bromine  is  dropped  into  three  gallons  of  water,  and  broken 
under  the  water  and  thorcniphly  stirred. 

The  Practical  Employmeat  of  Formaldehyde  and  Sulphur  Dioxide  Qm«i 
in  the  Sariace  DiBtnfection  of  Kooms  and  the  Diamfection  of  Oooda 
which  would  be  Injtued  by  Heat. — Formaldehyde  gas  has  come  into 
siich  general  use,  and  is  fur  many  pur|iows  so  valuable,  that  the 
description  of  methods  employed  to  generate  and  use  it  will  be  given  in 
detail. 

If  we  consider  now  the  practical  application  of  formaldehyde  gas 
for  purposes  of  disinfection  we  find  that  its  destructive  action  on  roicro- 
oi^nisms  depends  upon  a  number  of  factors,  the  chief  of  which  are  its 
concentration  in  the  surrounding  atmosphere,  the  length  of  the  con- 
tart,  the  existing  temjMrature,  the  awonipan_>ing  moisture,  and  the 
nature  of  the  organism. 

The  necessarj'  concentration  of  the  gas  in  the  surrounding  atmos- 
phere to  kill  the  niicro-organisrns  varies  with  each  species,  f()r  some 
resist  chemical  agents  much  more  than  others,  and  also  with  the  freedom 
of  access  of  the  gas  to  the  bacteria,  for  if  they  arc  under  cover  or  within 
fabrics  a  greater  amount  of  gas  must  be  p-nerated  than  if  they  are  freely 
exposed. 

For  purely  surface  disinfection,  when  the  less  resistant  bacteria  or 
other  mi eru -organ isms  are  to  Ih-  destroyed,  there  will  be  re<iLiired, 
acconling  to  tlie  method  used,  six  to  ten  oimcea  of  formalin  of  full 
strength,  or  its  efpiivHleiil,  to  IflCH)  cubic-  feet. 

For  the  destruction  of  the  more  resistant  but  non-spore  bearing 
fonus,  such  as  typhoid  fever  or  tubercle  baeilli,  at  least  twelve  ounces 
of  formalin  should  be  u.ted.  The  gas  penetrates  through  fabrics  with 
difficulty,  an<l  to  pass  tlm)i[gh  heavy  gn()d.s  the  concentration  of  the  gas 
mu.tt  be  doubled  and  ntodemte  heat  added  (45  ('.°  or  above). 

Talne  of  Moisture. — At  first  it  was  thought  that  formaldehyde  gas 
acted  more  effectually  in  a  dry  atmosphere,  but  further  investigation 
has  proved  that,  although  it  iloes  destniy  bacteria  with  the  amount  of 
moisture  usually  present  in  the  nir,  and  contained  in  their  own  sub- 
stance, it  acts  much  tnf)re  powerfully  and  certainly  when  additional 
moisture  Is  present,  and  best  when  present  up  to  the  point  of  saturation. 
The  actual  spraying  of  walls  and  goods  to  be  disinfected  with  water  ts 
even  more  efficacious. 

A  fairly  high  temperature — but  one  still  below  that  which  would 
injure  delicate  fabrics — increases  not  only  the  actirity  of  formalilehyde 
gas  but  also  its  penetrative  jKiwer,  and  for  heavy  goods  it  is  essential. 
The  production  of  a  partial  vacuum  in  the  chambers  before  the  intro- 
duction of  the  fnhnaldchyile  gas  still  further  assists  its  penetration. 

The  length  of  exposure  neccsaan,-  for  complete  disinfection  depends 
upoii  the  nature  of  the  disease  for  which  it  is  carried  out— the  penetra- 
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tion  requirwi,  the  concentration  of  the  gas  used,  the  amount  of  moisture 
in  the  air,  the  temperature  nf  ilie  air,  and  ihe  size  anil  ^haj*e  of  the 
rtKini.  For  surface  disinfetiion  in  rtKinis.  when  as  much  as  twel\-e 
ounces  of  formalin  arc  usi-d  fur  each  1(HM)  en  hie  feet,  five  hours'  exptKsure 
is  amply  sufficient,  most  bacteria  bi'lng  kil]e<i  within  the  first  few  minutes. 
For  the  <lestniction  of  niic-ro-or^nistn.s  prutocti\l  by  even  a  layer  of 
thin  covering,  double  the  formalin  and  ilonblc  tlie  time  of  exj>osure 
shouUI  be  allowed.  »nd  even  then  the  killing;  of  many  species  of  non- 
spore  bearing  bacteria  cannot  lie  counted  upin  in  ordinary  rooms. 
When  absoliitrly  roniplete  disinfectirni  is  denmnded,  where  |M'netration 
of  ffis  is  reijuired,  the  jjooils  mnst  I>e  placed  in  ehand>ers  where  miMlerale 
heat  can  !«•  ailded  and  all  Icaknp-  of  j:.hh  piwcnted. 

Various  forms  of  appamtiis  enn  be  properly  employed  to  lllterale 
fonnaldehydc  pis  for  purposes  of  <lisinfecdun.  There  arc  two  essentials 
to  any  jpjod  method — namely,  that  the  formaldehyde  pas  is  piven  off 
qviickly,  and  that  there  is  no  j»r<'at  loss  l»y  deterioration  of  the  fornmlin. 

Wood  AlMhol. — A  number  of  lam]>s  have  lieen  devised,  all  very  much 
on  rhe  same  principle,  tluniyh  varying  somewhat  in  niechanical  con- 
struirtion,  which  bring  alxiut  the  iiu-omplete  oxidation  nf  methyl-alcohol 
by  passing  thi*  vapcvrs  mixed  with  air  over  the  iucaiuteseent  metal. 
Although  clisinfeelioTi  can  be  carried  out  by  the  Ik-sI  of  these  lamps,  in 
our  exjH'rience  none  of  them  np  to  the  present  lime  are  satisfaiiory  or 
economical.  They  may  be  very  useful  as  deodorizers  in  the  sick-room 
or  other  places. 

The  same  principle  is  used  efficiently  in  another  form.  The  vapor 
of  wood  alcohol  is  pa.s.sed  over  surfaces  of  asbestos  containing  paiticles 
of  finely  divided  platinum.  This  apjiaratiis  has  given  very  good  results, 
and  for  a  given  aniouut  of  disinfection  leaves  less  odor  of  fonnaldehyde 
gas  in  the  room  than  any  other.  The  apparatus  is,  however,  bulky  and 
ex|H-iisivi'. 

Formochloral  by  the  TrilUt  System. — 'ITiis  system  consists  in  heatings 
under  thr^'c  atmosjihcres  of  pressure,  a  solution  of  formaldehyde  g&a 
in  water  mixed  with  .'M)  per  cent,  of  calcium  chloride,  known  as  "  rnrmi>- 
chloral."  to  a  temperature  of  V.iri'^  ('.  (275°  F.).  It  is  claimed  for  this 
method  of  pmducing  the  gas  from  form oelil oral  that  the  jxilmieriznlion 
of  the  fonnalilehyde  is  prevented,  which  would  otherwise  take  place 
if  a  solution  of  furmalilflivdf  were  evapnrati-d  under  onlinary  ctmdi- 
tioiis,  and  that  thereby  the  whole  of  the  formaldehyile  is  obtnined  in 
the  gaseous  slate.  The  addition  of  any  neutral  salt  aids  the  process, 
it  is  said,  but  eiileJnm  elilnridc  islhelH-st.  The  results  with  this  apparatus 
have  Iwen  satisfnetory,  but  not  more  so  than  by  other  methoils.  The 
apparatus  is  cxiM-nsivc  and   ln-avv  and   therefore   unneressarv. 

Formalin  by  Boiling  and  Pasain^  the  Vapor  throofb  a  Sap«rfaaatad  OoU 
or  Ohambex. — This  system  consists  in  h«-niing  the  nnlinars  ciimmereial 
formalin  lo  a  temperamre  of  nl)oul  2(^1*'  < '.  i.VK)°  F.)  in  an  ineamlesrrnt 
cop|)er  coil  orchntnWT.  and  allowing  the  va|M>rs  to  passolT  freely.  It  is 
claimed  for  this  method  that  the  degree*  of  lieal  m-cessary  to  break 
up  the  polymerized   products  formed   is  suppliei).  ami  thus  a  loss  of 
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formaldehyde  is  prevented.    A  further  action  of  the  intense  heat  in  the 
copper  lube  on  the  solution  is  to  partially  convert  the  methyl-nlcohol 
contained  in  commercial  fonnalin  into  formaldehyde   pas   by  partial 
I     oxidation,  iherehy  preventing  the  formation  of  methyl  and  inrreasing 
^^Uie  aninnnl  of  formatilvhyde. 

^B  'Php  apparatiis  consists  of  a  closed  receiver  of  copper  holding  al>out 
^H|i  f^llnn,  a  coil  of  c(>p|H>r  pipe  attached  at  one  enil  to  the  bottom  of  the 
^^n-ceiver.  and.  like  tlie  preceding  apparatus  and  thjit  niailc  by  \a-\\\7., 
at  the  other,  by  mean.s  of  ii  suitable  cnnnection  (rubber  tulve  with  gutta- 
percha or  metallic  mouth-piece),  with  the  room  or  apartment  to  l)e 
di.siuft*cled,  and  a  heating  lamp  (Swedish  lamp  or  Bunsen  burner).  In 
operation  the  desiretl  t|uuntity  of  formalin 
w  placed  in  the  receiver  and  tin-  recfiver  is 
closed,  'llic  lamp  is  lighted  ami  the  coil 
brought  to  a  red  heaJ.  The  vhIv<-  is  then 
opened  and  the  solution  coniained  in  the 
receiver  is  allowed  to  pass  down  an<l  into 
the  coil  in  a  fine  stream.  Upon  coming  in 
contact  with  the  heateti  metal  the  furmal- 
dehydc  solution  is  instantly  decomposetl, 
and  the  liberated  gas  is  further  purified  as 
it  progresses  through  the  incandescent  coil. 
Tlie  apparatus  Is  liable  to  get  out  of  owler, 
in  lUrtl  the  valve  is  apt  to  Iiecomc  clogged 
and  so  stop  the  flow  of  fonnalin  until  frccti 
by  a  wire  supplie<l  for  the  purpose. 

In  the  new  form  rFig.  (io|  the  formalin 

first    boiled  ill    the    large  chamber    arMl 

as  vapor  through  the  tulu-  connect- 

li  and  (\     In  C  \\  is  su{K-rheatcd  and 

iass(*s  nut  the  tube  U   into  tlu*  room.     In 

is  apparatus  there  is  nothing  to  get  out 

of  nnler.  and  it  operates  »piickly.     L'p  to 

the  present  time  thi.s  i.s  the  mo.sl  practical 

apparatus  we  have  met  with,  when  the  initial  cost,  aliont  S2o,  is  not 
an  objection.  In  all  forms  of  apparatus  where  formalin  is  used  the  large 
receiving  chamber  should  lie  wo-sheil  out  from  time  to  time  with  hot 
water,  to  remove  anv  lU-jKisil  thi-n-  iiihv  be. 

Trioxymetliylene  by  Schering^B  System. — This  system  consists  in  heat- 
ing the  solid   polymer  of  fonnahiehyde   (trioxj-mctliyhrne)   in  a  lamp 
s|»eciaily  constructed  for  the   purpose   by  the  ('hemische   Fabrik  auf 
Actien,  in  Berlin.    The  trioxymethyienc  is  used  in  the  form  of  com- 
pressed tablets  or  pastilles,  as  lieing  more  convenient  for  use,     ICach 
asdlle  contains  the  e<]uivalent  of  ItX)  per  cent,  of  formaldehyde  gas, 
ording  to  the  manufacturers,  and  weighs  I  gram. 
*hp  mode  of  using  the  apparatus  is  very  siiiijjie;    The  disinfector  is 
upon  a  sheet  of  iron  on  the  floor  of  the  room  to  be  disinfected. 
m  100  to  2f)()  [jastilles  can  be  evaporateil  at  a  time  in  the  apparatus. 
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For  the  production  of  greater  quantities  of  formaldehyde  vapor  several 
of  these  outfits  may  be  u.sed  fojjetlirr.  'Hie  lamp  is  filled  with  onJinary 
or  wood  alcohol,  alwnit  twice  as  many  cubic  ceiititnctres  of  the  alcohol 
being  employed  as  there  arc  pastilles  to  be  evaporated,  llie  wicks 
should  project  but  little  above  the  necks  of  the  burners,  or  the  apparatus 
may  get  too  hot  and  ignite  the  pastilles.  The  vessel  is  charged  with 
fonnalin  pastilles  and  the  disinfcctnr  placed  over  the  lighted  spirit  lamp. 
The  lamp  is  then  allowed  to  burn  out  in  the  closed  room.  One  hun- 
dred pastilles  are  considered  to  lie  sii(Iifienl  for  the  disinfection  of  1000 
cubic  fed  of  spare.  Lately,  a  small  steam  !>oitiT  has  Ix-cn  arlded  to 
the  apparatus,  for  the  purpose  of  furnishing  sufficient  moisture  with 
the  gas.  The  results  obtained  by  us  in  superficial  <lisinfeclion,  when 
fmni  loO  to  200  pastilles  have  been  used  to  each  1000  cubic  feet,  ha^-e 
been  goofJ.  llie  great  advantage  of  the  micthod  is  in  tltc  small  cost  of 
the  apparatus,  S3.(X),  and  the  avoidance  nl  the  danger  of  deterioration, 
which  is  present  to  some  extent  in  formalin.  Smaller  lamps  are  very 
useful  for  the  deodorization  of  rooms. 

Fnun  VaH{'dl.t:-i  CouifHWil  of  a  Top  nj  Comprp.i.ifd  Parafonn  and  a 
Bane  of  Prepared  C A orcua/,— This  is  a  very  neat  but  somewhat  expen- 
sive method  of  liberating  fonnaldehyde  gas.  Our  results  with  il  have 
been  good. 

Formalin  to  which  Glycarln  baa  been  Addad.—To  the  formalin  is  added 
10  |jer  cent,  of  glycerin,  and  the  mixture  is  simply  boiled  in  a  suitable 
copper  ves.sel.  the  steam  aiid  fonnaldehyde  gas  passing  olT  by  a  tube. 
This  is  a  verj-  serviceable  apparatus.  When  it  is  attempted  to  vaporize 
the  formalin  too  rapidly  part  of  it  passes  over  in  Huid  form,  and  is  thus 
wasted. 

With  a  slightJv  greater  amount  of  fnnualiii  tiian  that  used  in  the 
high  temperature  autoclave  and  heated  tube  or  chamber  methods,  the 
results  seem  to  be  cipially  as  good.  The  apparatus  is  very  easy  to  use, 
aiid  is  not  liable  to  get  out  of  order. 

Similar  forms  of  apparatus  arc  also  employed,  when  instead  of 
glycerin  the  formalin  is  mixefl  with  an  e<|ual  quantity  of  water.  The 
water  is  for  the  purpose  of  giving  additional  moisture  to  the  air.  and, 
at  the  same  time,  like  the  glycerin,  to  prevent  the  change  of  formal- 
dehyde into  inert  substances. 

Ftvm  Fitrmalin  in  an  Open  Pan. — A  very  simple  method,  devised 
by  Dr.  R.  .1.  Wil.'ion,  is  to  (511  a  tin  pan  with  twelve  ounces  of  formalin 
for  each  1000  cubic  feet  and  put  this  on  an  upright  sheet  of  tin,  which  is 
cut  so  as  to  allow  of  the  entrance  of  air  below  and  yet  protect  the  for- 
malin in  the  jian  from  the  flame.  For  heating  put  under  it  a  small  tin 
can  filled  with  asbestos  packing  which  has  l>een  .soaked  with  wood 
alcohol.  .'\  still  simpler  method  is  to  hang  sheets  in  a  room  and  throw- 
on  them  twelve  ounces  of  fonnalin  for  each  1000  cubic  feet,  and  leave 
for  ten  hours.  If  the  room  is  tightly  sealed  verj-  fair  superficial  disin- 
fection will  take  plaiH-*. 

Lima  Method  of  Oenerating  Fonnaldehyde  Qas.— The  use  of  quick- 
time  for  generating  formaldehyde  gas  has  been  practised  by  various 
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obsen*crs.  with  varving  results.  ITie  differing  result*  ran  probably  be 
explained  hy  difference  in  technique  and  in  the  kind  of  lime  used.  It 
is  alvsolutely  necessary  to  have  a  quick  slaking  Hnie  nr  a  great  amount 
of  the  gas  will  I)e  lost  by  pol^-nierization  into  parafonnaldehydc  and 
HiTose.  Even  with  ([uiek  slukiiif;  lime,  if  it  is  not  spread  in  a  com- 
paratively thin  lajTr,  pt>lynierizatiun  takes  place;  llierefore,  in  appl^\Tng 
the  method  a  wide  pan  must  be  used.  The  a<3dition  of  concentrated 
sulphuric  acid  to  the  fomiatdehyde  solution  in  tlie  proportion  of  10 
per  cent,  immediately  l>efore  using  lessens  the  danger  of  polymeriza- 
tion and  makes  the  evohirion  of  the  gas  much  more  rapiil.  The  sul- 
phuric acid  must  not  be  ailded  to  the  fonnaldcliytle  solution  until  just 
before  using,  for  it  causes  rapid  polymerization  in  the  solution.  It 
must  be  reinciiib*'red,  also,  ihjit  sulplinric  acid  is  a  ilangernua  agent, 
and  careless  handling  of  it  might  result  in  serious  bums.  The  techniqxie 
of  the  metliod  i.s  as  follows:  'to  ten  ounces  of  40  per  cent,  foruialdeliyde 
solution  slowly  add  one  ounce  of  concentraiC'd  sulphuric  acid;  pour  this 
solution  on  to  tn-o  pounds  of  quicklime  that  has  previously  been  cracked 
into  small  lumps  and  placed  in  a  dairy  pan  not  Ie?s  than  twelve  inches 
in  diameter.  The  lilx'ration  of  a  large  amount  of  gas  in  a  short  time 
more  than  comffensates  for  the  Io.->s  by  polynierizaiion,  anrl  disinfecdon 
is  etTtfted  by  a  fpuck  union  of  the  gas  and  orgHiiisuis  to  Ih-  rlestroyed. 
Saturated  solution  of  aluminum  sulphate  may  be  used  instead  of  con- 
oeiitraled  sidplitiric  acid,  in  the  pmportion  of  one  part  of  aluunniiin 
sulphate  solution  to  three  parts  of  40  [>er  (Tut.  formaldehyde  solution. 
The  mi.xturc  of  aluminum  sulphate  and  forimiklehydc  will  stand  for 
considerable  time  without  polymerization.  <iood  results  have  been 
obtained  from  pouring  4<)  per  cent,  solution  of  formaldehyde  into  com- 
mercial permanganate  of  poin.'^.sium  in  thi*  proportion  of  six  ounces  of 
prrmangiinatc  for  every  pint  nf  41)  (kt  rent.  s(»lii(if>n  of  ffinnaUlehyde. 
Rapid  Oeaeration  of  Formaldehyde  Gas  for  Large  Chambers  by  the  Method 
of  Dr.  S.  J.  Wilaon.  -  The  generator  is  ntadc  ulonlinHry  in>n  steam  pipe 
and  can  lie  manufactured  in  nny  pipe-cutting  establishment  in  a  very  few 
hours.  It  consists  of  an  outer  steam  jacket  of  si.\-inch  pJlx*.  two  feet 
long,  and  capped  at  both  ends.  Through  the  upper  cap  there  is  a  four- 
inch  opening,  with  a  threml,  through  which  projects  an  inner  chamber 
for  formalin.  This  chamber  consists  of  a  four-inch  pipe,  twenty-two 
inches  long,  cappcil  at  the  upper  end  and  welded  or  capped  at  the 
lower  end.  The  upper  end  of  this  pipe  is  so  threaded  as  to  pennil  of 
its  Iieing  .screwed  ihnjugli  the  cap  «if  the  steam  jacket  bcfiiri-  that  cap 
is  screwed  on.  The  cap  of  the  formalin  chamber  is  fitted  on  the 
same  thread  that  passes  thnvugli  the  cap  of  the  steam  jacket.  The 
in-take  for  steam  Is  near  the  top  of  the  sieani  jacket,  through  a  half- 
inch  pil>e.  and  the  steam  i.s  controlled  by  a  globe  valve.  The  outlet 
for  steam  or  drip  is  thniugh  a  half-inch  pi|^  from  the  Ixtttom  cap  of 
the  chamber  and  is  also  controlled  by  a  glolie  valve.  The  in-take  for 
fommlin  is  tlirough  the  u]>per  cap  i>f  the  fnnnalin  chamber  through  a 
half-inch  pifK*  controlled  by  a  gloln-  valve.  Tlie  outlet  for  formaldehyde 
is  a  half-inch  pipe  through  the  upper  cap  of  the  formalin  chamber. 
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ind  efficient,  but  considerable  care  sliould 
as  there  is  a  tendency  to  throw  out  some 
fomiiilin  Iiefore  the  gas  begins  to  he  evolved, 
Tht.1  is  easily  avoideil  by  using  i-are  in  th«  ■ 
|m<]>er  application  of  the  heat.  Tliese 
geiierntors  have  now  been  in  use  for  three 
years  by  the  Xfw  York  Health  I>i-par(n)ent, 
and  liave  given  complete  sutisractjon. 

As  a  result  of  the  investigations  under-] 
taken  in  the  IX'partment  of  Ilealtlt  lalwra-' 
tones  on  the  use  of   fonnaldehydc  as  a 
disinfectant,  and   ^   consideration  of   the 
work  of  others,  the  conclusions  reachecJ  by 
us  may  be  summarized  as  follows: 

1.    DwiNKKniilX  ilF    !XFK(TVfi    l)\VKII.-| 

INttfi. — Exposed  surfaces  of  walls,  carpets,  ( 
hangings,  etc..  in    rooms  may  Ik*  supeN 
licially  disinfected  by  means  of  foniiaUle- 
hy<ie  gas.      All  a()enures  in    the   rooms 
shouhi  be  tightly  closed  and  from  six  tu^ 
twelve  ounces  of  Fonnalin  or  its  equivalent  V 
lise<]   to   generate    the  gas   for    each    IfXX) 
cu})ic  feet.     'I'he  time  of  ex|M>sure  slxiuld 
Ije  not  less  than  four  hours,  antl  a  suitable 
appiiratiis  .shimM  be  cniployei).     The  teni-^ 
peruture  of    the  upurtnieni    should    be  asV 
nigli  as  possible,  and  certainly  not  below     ' 
5(1°  y.     With  even  lower  teniiieratiire  di.<^^ 
infection  is  posstltle,  but  larger  amounts  of  fonnalin  must  \te  used.fl 
When  generated   vcrv-  rupidly  the  formaldehyde  giws   much   l>eneT 
results  than  when  given  ojf  .slowly. 

L'mler  these  coiuliiioiis  sjiore-free  bacteria  and  the  contagion  of  the 
exanthemata  are  surely  <le.stn»yed  when  fn*ely  exposed  to  the  action 
of  the  gas.  .S|K)re-lM''Bring  hacteria  are  not  thus  genendly  destroyed; 
but  these  latter  are  of  such  rare  occtirrence  in  disease  that  in  house 
disinfwtion  they  may  usually  he  disregar<led,  and,  if  present.  5j^>ecial 
measures  can  Ije  taken. 

The  ponetralivc  i>ower  of  fonuahlehyde  gas  in  the  ordinary  room, 
at  the  usual  leni[»erature,  even  when  used  in  double  the  strength  noees- 
sary  for  surface  disinfection,  is  exirenielv  limited,  not  passing,  as  a 
rtile,  through  more  ihan  one  layer  nf  i-lnth  of  rnediinn  thickness.  Arti- 
cles, therefore,  such  as  bedding,  carpets,  upholstery,  clothing,  and  the 
like  shoidd,  when  |M)ssihte,  l»e  snbjfele<l  to  slenin.  hot  air,  or  formal- 
dehyde disiufeciion  in  s[K*cial  cliandjers  constnuted  for  tlie  purpcL-te. 
If  not.  they  uiusi  l«'  ihon)uglily  ex|>oserl  on  all  sides. 

:;.    UlSIXFECTION    OF    BkIHUXG,    CaKI'KTH,    rpllOl-STKKY.    ETC. — lied- 

ding,  carpets,  clollnng,  etc.,  which  would  be  injured  by  steam,  may  bo 
disinfected  by  means  of  formahlehyilo  gas  in  an  orditinry  .steam  disin- 
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feeling  chamber,  tlie  latter  to  be  provided  with  a  beating  and  if  pos- 
sible a  vacuum  apparatus  and  s[>ei-ial  apparatus  forgeiieratitig  the  gas. 
ftliere  penetration  tbrough  heavy  articles  is  required  the  gas  should 
be  used  in  the  proportion  of  not  \css  than  the  amount  derived  from  thirt^i' 
otmces  of  fonnalin  for  each  1000  cubic  feet,  the  time  of  exposure  to  be 
not  less  than  eight  hours  and  the  temperature  of  the  chamber  not  below 
1 10°  F. 

In  order  to  ensure  compk*te  steriliKation  of  the  articles  they  should 
be  so  placed  as  to  allow  of  a  free  circulation  of  the  gas  around  them — 
timt  is,  in  the  case  of  IiC4lilin<f,  clothing,  etc.,  these  should  either  be 
s]>read  out  on  perforated  wire  shelves  or  loosely  suspended  in  the  cham- 
ber. The  aid  of  a  partial  vacuum  facilitates  the  operation.  Upholstered 
furniture  and  articles  reqtiiring  much  space  should  be  placed  in  a  large 
chamber,  or,  better,  in  a  room  which  can  be  heated  to  the  required 
temperature. 

'liir  most  delicate  fabrics,  furs,  leather,  and  other  articles,  which 
art-  injurerl  by  steam,  hot  air  at  230°  F.,  or  other  disinfectants,  are 
unadectetl  by  formaldehyde. 

3.  Di.siNrECTioN  OF  Books. — Books  raav  be  satisfactorily  dbin- 
fectivl  bv  means  of  formaldehyde  gas  in  a  special  room,  or  in  the  ordinary 
steam  chamber,  as  abiive  <k'scribcd,  and  under  the  same  condition  of 
volume  of  gas,  temperature,  and  time  of  exposure.  The  books  should 
be  arranged  to  stand  as  widely  open  as  possible  upon  perforated  wire 
shelves,  set  about  one  or  one  and  a  half  feet  apart  in  the  chamber.  A 
chaml»cr  haxing  a  capacity  of  200  to  250  cubic  feet  would  thus  afford 
ftciHxiunudHlion  for  about  one  Innidreil  books  at  a  time. 

Ilooks,  with  the  exception  of  their  surfaces,  cannot  he  satisfactorily 
disinfected  by  formaldehyde  gas  in  the  Ixtokcascs  of  houses  and  libraries, 
or  anywhere  except  in  sjwcial  chambers  constructed  for  the  purpose, 
because  the  conditions  required  for  their  thorough  disinfection  cannot 
otherwise  be  complied  with. 

The  bindings,  illustrations,  and  print  of  books  are  in  no  way  affected 
by  the  action  of  formaldehyde  gas. 

4.  DiaisvECTioN  OK  C,\RRi,\GFs,  KTC. — Carriage.s,  ambulances,  cars, 
etc.,  can  easily  be  disinfected  by  having  built  a  small,  ti^ht  hnildinR,  in 
whicli  tliey  arc  cnclosni  and  siirrfiundcd  with  fornialelehydc  gas.  iSuch 
a  building  is  use<I  for  disinfecting  ambulances  in  New  York  City.  With 
the  apparatus  there  cinploycil  a  large  amount  of  fonnalin  is  rapidly 
vaporized,  and  superficial  disinfection  is  completed  in  si.xty  minutes. 

6.  Adva-ntack'*  of  FniiM.\i.i>KiivnF.  Ga.s  ovku  Sui-rmR  Diuxide 
FOR  Disinfection  of  Dwki.us«s. — Fonnaldchyde  gas  is  superior  to 
sulphur  dioxide  as  a  disinfectant  for  dwellings:  Jirst,  Ix'cau.se  it  is  more 
efficient  in  its  action:  s^'cond,  l)ecaiise  ic  is  less  Injurious  in  its  effects 
oil  househnUI  yoods;  third.  Ih-cjiiisp  when  necessary  it  can  ra.'uly  be 
supplied  fniiii  a  peneralnr  placed  outside  nf  ibc  room  and  watched  by 
an  attendant,  thus  avi>iding  in  some  i*ases  danger  of  fire. 

Apart  from  the  cost  of  the  apparatus  and  the  greater  time  involved, 
formaldehyde  gas,  generated  from  commercial  formahn,  is  not  much 
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raore  expensive  Uian  sulphur  dioxide — viz.,  fifteen  to  twenty  ceuta  per 
1000  cubic  feet  against  ten  ceuts  vvitli  sulphur.  Therefore,  we  believe 
that  formaldehyde  gas  is  the  best  disinfectant  at  present  known  for 
the  surface  chsinfection  of  infected  dwellings.  For  heavy  goods  it  u 
far  inferior  in  penetrative  power  to  steam;  but  for  the  disinfection  of 
fine  wearing  apparel,  furs,  leather,  upholstery,  btjoks,  and  the  like, 
wlucli  are  injured  by  great  heal,  it  is,  when  properly  employed,  better 
adapti-^l  tliaii  any  otlier  disinfectant  now  in  use. 

Sulphur  Dioxide  in  House  Disintection. — Four  pounds  of  sulphur 
should  be  burned  for  every  1000  cubic  feet.  The  sulphur  should  be 
broken  into  small  pieces  and  put  in  a  pan  3ufBcicnt]y  large  not  to  allow 
the  melted  sutpliur  to  overflow.  This  pan  is  placed  in  a  much  larger 
pan  holding  a  litUe  water.  The  cracks  of  the  room  should  be  carefully 
pasted  up  and  the  door,  after  closing,  also  sealed.  L'pon  the  broken 
sulphur  is  poured  three  to  four  ounces  of  alcohol  and  the  whole  lighted 
by  a  match.  The  alcohol  is  not  only  for  the  purpose  of  aiding  the 
sulphur  to  ignite,  but  also  to  aiild  moisture  to  the  air.  An  exposure 
of  eigiit  to  twelve  liours  should  be  given. 

Sulphur  fumigation  carried  out  as  above  indicated  is  not  as  efficient 
as  fonnaldchydc  funiipation,  but  seems  to  suffice  for  surface  disinfec- 
tion fur  diphtheria  and  the  exanthemata.  All  heavy  goods  should  be 
removed  for  steam  disinfection  if  there  is  any  possibility  of  the  infection 
having  penetrated  beneath  their  .surface.  If  there  is  no  place  for  steam 
disinfection  their  surfaces  sliouki  be  thoroughly  exposed  to  fumigadon 
and  then  to  the  air  and  sunlight.  In  many  cases  when  cleanliness  has 
been  observed,  surface  disinfection  of  halls,  Ix-ihling,  and  furniture 
may  be  all  that  will  be  required. 

There  is  always  a  very  sUght  possibility  of  a  deeper  penetration  of 
infection  than  that  believed  to  have  occurred;  it  is,  therefore,  belter 
to  be  more  thorough  than  is  considered  neces-sary  rather  tlian  less. 

Sulphur  dioxide  \vithout  the  addidon  of  moisture  has,  as  already 
stated  under  the  consideration  of  disinfectants,  very  little  germicidal 
value  ujjon  dry  bacteria. 

Pablic  Steam  Diiinfseting  Ohambera.-  Tlle^e  should  he  of  sufficient 
size  to  receive  all  necessary  goods,  and  may  be  either  cylindrical  or 
rectangular  in  shape,  and  are  provideii  widi  steam-tight  doors  opening 
at  either  end,  so  that  the  goods  put  in  at  one  door  may  be  removed  at 
the  other.  When  large  the  doors  are  handled  by  convenient  cranes 
and  drawn  tight  by  drop-forged  steel  eye-bolts  swinging  in  and  out  of 
slots  in  the  door  frames.  The  chambers  should  he  able  to  withstand  a 
steam  pressure  of  at  least  one-half  an  almos]>herp,  anil  should  be  con- 
structed with  an  inside  jacket,  either  in  the  form  of  an  inner  and  outer 
shell  or  of  a  cuil  of  pipe-s.  This  jacket  is  filled  with  steam  during  the 
entire  operation,  and  is  .so  xiaeA  as  to  bring  the  g(M»(ls  in  the  disinfecting 
chaml»er  up  to  the  neighborhood  of  220*  F.  before  allowing  the  steam 
to  pass  in.  This  heats  tlie  gt>od:>,  so  that  the  steam  ^l<ies  not  condense 
on  coming  in  contact  with  them.  It  is  an  advantage  to  displace  the  atr 
in  tiie  chamber  l>efore  throwing  in  the  steam,  as  hot  air  has  far  less 
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giermicidal  value  lli»n  steam  of  the  same  temperature.  To  do  this,  a 
vacuum  pump  is  attached  to  the  piping,  whoreby  a  vacuum  of  Hfteen 
inches  can  be  obtaine<l  in  the  chamber.  The  steam  should  be  thrown 
into  tlic  chaml>er  in  lar^  ajiiount,  both  above  and  below  the  goods, 
and  the  exw'ss  should  escape  tlirough  an  opening  in  the  bottom  of  die 
chamber,  so  as  to  more  readily  carry  off  with  it  any  air  still  remaining. 
The  live  steam  in  the  chaniber  sliould  be  under  a  pressure  of  two  to 
three  potmds,  so  as  to  increase  its  action. 

To  disinfect  tlic  gofids.  we  place  them  in  the  chamber,  close  tight  the 
doors,  and  turn  the  steam  into  the  jacket.  After  about  ten  minutes, 
when  the  goods  have  become  beatetl,  a  vacuum  of  ten  to  fifteen  inches 
is  produced,  and  then  the  live  steam  is  thrown  in  for  twenty  minutes. 
The  steam  is  now  turned  off,  a  vacuum  is  again  formed,  and  the  cham- 
ber again  superheatetl.  The  gootls  are  now  thoroughly  disinfected  and 
dry.  In  order  to  test  the  thoroughness  of  any  disinfection,  or  any  new 
chamber  maximimi,  thermometers  are  placed,  some  free  in  the  cbam- 
lier  and  others  surrounded  by  the  heaviest  goods.  Ft  will  be  found 
that,  even  under  a  pressure  of  three  pounds,  live  steam  will  re<^uire  ten 
minutes  to  penetrate  heavy  goods. 


The  Disinfection  of  Hands,  Instruments,  Ligatures,  and  Dressings 
for  Surgical  Operations. 

Instnunents.^All  instruments,  except  knives,  after  liaving  licen 
thoroughly  cleansed,  arc  boiled  for  three  minutes  in  a  1  per  cent,  solu- 
tion of  washing  soda.  Knives,  after  having  been  thortnighly  cleansed, 
are  washed  in  sterile  alcohol  and  wiped  with  sterile  gauze  and  then  put 
into  boiling  soda  solution  for  one  minute.  This  will  not  Injure  their 
edges  to  any  great  extent. 

GanM. — Gauze  is  sterilized  by  moist  heat  either  in  an  .Arnold  steam 
sterilizer  for  one  hour  or  in  an  autoclave  for  thirty  minutes.  It  is  placed 
in  a  perforated  cylinder  or  wrapped  in  clean  towels  Ijefore  putting  in 
the  sterilizer,  and  only  opened  at  the  operation. 

Iodoform  gauze  is  best  niatlc  bv  spHtikling  sterile  iodoform  on  plain 
gauze  sterilized  as  described  above. 

Liffatmes— Catgat. — Boil  for  one  hour  in  alcohol  under  pressure  at 
about  1)7°  C  It  is  often  put  in  sealed  glass  tubes,  which  are  Iwiled 
under  pressure.  These  remain  indeiinitely  sterile.  The  alcohol  does 
n»»t  injure  the  catgnt.  If  desire<l,  the  catgut  can  be  washed  in  ether 
and  can  be  soaked  a  short  time  in  bichloride  before  heating  in  alcohol. 
Boeekman,  of  St.  Paul,  suggested  wrapping  the  separate  strands  of  cat- 
gut in  paraffin  papcrand  llien  healing  fur  three  hours  at  140^  C.  This 
pfucedure  prevents  the  drjing  out  of  the  moisture  and  fat  from  the 
catgut,  so  that  it  remains  unslirivdled  and  flexible  after  Its  exjiosure. 
Darling,  of  Hoston,  tested  this  method  and  found  it  satisfactory.  Dry 
formaUlehyde  gas  does  not  penetrate  suHicicntly,  and  is  not  reliable. 
Sih-er  wire,  silk,  silkworm  gut,  niliber  tubing,  and  catheters  are  boiled 
the  same  as  the  in.strumenl.s. 
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The  Skin  of  the  F&tient. — lliis  \&  washed  thoroiighJy  ^vith  wami.  green 
soap  .soliitinn,  thou  with  alcohol,  niul  finullv  with  1:1000  bichloride. 
A  compress  wet  witli  a  25  |>er  cent,  solution  of  green  soap  is  now  placed 
on.  covered  with  rubber  tissue,  and  Ifft  for  three  to  twelve  hours;  and 
after  its  removal  the  skin  is  washed  with  ether,  alcohol,  and  bichloride 
solution,  and  then  covered  with  a  gauze  compress  previously  moistened 
with  a  l:ltM)0  bichloride  of  inercun.-  solution.  At  the  operation  the 
skin  is  again  scrubbed  with  green  soap  solution  followed  by  ether, 
alcohol,  and  then  with  tlie  bichloride  of  inereiir)*  solution.  In  souie 
places  the  bichloride  compress  is  replaced  one  hour  liefore  the  opera- 
tion by  a  pail  wrt  in  10  per  cent,  solutinii  of  funiuilin. 

Tha  Hftuda. —  Fiirbinger's  method,  slightly  mtwlified,  is  now  much 
usi-il,  and  gives  goo<l  results.  The  hands  are  washed  in  hot  soap  and 
water  for  five  minutes,  using  the  nail  brush.  They  are  then  soaked  in 
alcohol  for  one  minute  and  scrubl)ed  with  a  sterile  brush.  ITiey  are 
finally  soaked  in  a  1 ;  1000  bichloride  of  mercury  solution  for  three 
minutes,  Another  methml  which  gives  grwd  results  is  as  follows:  Skin 
of  operator  is  .scrubhetl  for  five  minutes  with  green  soap  and  brush, 
then  washed  in  chloride  of  lime  and  carbonate  of  soda  in  pro|X)rtions 
tip  make  a  gomi  lather;  washed  off  in  sterile  water,  and  then  scrubbed 
with  brush  in  wann  bichloride  solution  1 :  lOtlO. 

Sterilized  rubber  gloves  are  now  being  used  more  and  more  in  opera- 
tions. Tiie  gloves  can  l>e  sterilized  by  U'ing  left  for  one  minute  in  XtttW- 
ing  1  per  cent,  soda  solution,  or  they  can  be  sterilized  by  steam. 

The  surgeon's  gowns  and  caps  arc  sterilized  by  steam.  Mucous 
membranes,  as  those  of  the  mouth  and  throat,  are  cleansed  by  a  solu- 
tion consisting  of  equal  parts  of  [>eroxide  of  hydrogen  and  lime-water. 
In  the  nostrils  it  i.s  lietter  to  employ  the  milder  solutii>ns,  such  as  diluted 
l.)ol>eirs  or  Iiisteriiie.  These  are  also  used  in  the  inuuth  instead  of  the 
peroxide. 

The  vagina  is  swabbed  out  thoroughly  with  sterile  warm  soap  and 
water,  and  then  irrigated  with  a  2  percent,  carbolic  acid  or  a  1:1000 
bichloride  of  mercury*  solution. 

Hypodennic  syriiigr.s  ami  other  .syringes  when  not  boiled  are  steril- 
ized by  drawing  up  into  ihent  lioiting  water  a  number  of  times  and  then 
finally  a  Ti  per  cent,  solution  of  carbolic  acid,  the  acid  after  three  minutes 
\o  be  washed  out  by  boiling  water.  If  cold  water  is  used  the  carbolic 
solution  should  remain  in  the  Iwrrel  for  ten  miiuiles.  Great  care  should 
be  taken  lo  wa.sh  nnl  all  )Hissibli>  orgiitlic  matter  before  using  the  car- 
bolic acid  or  boiling  1«  sterilize.  Syringes  made  entirely  of  glass  or  of 
glass  and  asbestos  can  be  boiled  iu  soda  solution. 
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The  Sterilization  of  Milk. 

Bacteria  when  allowed  to  ilcvelop  in  milk  produce  ferraentntion 
(souringi  and  render  the  milk  unfit  to  !>«>  useil  as  an  article  of  food, 
especially  for  infanta.  Milk  as  it  reaches  the  city  contains  enormous 
numbers  of  germs,  and  these  will  produce  fermentation,  even  though 
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the  milk  be  kept  on  ice.  rndeaii  vessels  hasten  this  process.  No  matter 
how  good  milk  may  be  in  the  mominfj,  when  comparatively  fre.sh, 
toward  eveiiiiij;.  unless  it  hns  been  partly  or  rompletely  sterilized,  it 
may  be  (ian(^rous  to  an  infant,  and  may,  especially  in  summer,  cause 
fatal  illness,  even  ihctugli  it  still  ta.stt'.s  swci-t. 

Complete  sterilization  destroys  all  the  germs  in  milk,  and  so  prevents 
permaiienlly  fermentative  ehanges.  Hy  partial  sterilization  most  of 
the  perms  which  arc  not  in  the  spore  form  may  be  destroyed,  so  that 
the  milk  will  remain  wholesome  for  nt  least  twenty-four  hours  in  the 
warmest  weather. 

Milk  i.^  best  .sterilized  by  heal,  for  nearly  all  chemicals,  such  as 
boric  acid,  sahcylic  acid,  and  formalin,  are  not  only  sli(;htly  deleterious 
ihem.selves  but  also  make  the  milk  less  digestible,  and,  (tierefore,  le-ss 
fit  for  food.  It  may  be  sterilized  at  a  high  or  low  teniperature^ — that 
is,  at  the  lioilin(5  temperature — or  at  a  lower  degree  of  heat,  obtained 
by  modifying  tlie  steaminjr  process. 

It  has  been  found  that  milk  sterilized  at  a  high  temperature  (100^  C.) 
is  not  desirable  for  prolonped  use,  as  the  high  temperature  causes  cer- 
tain changes  in  the  milk  which  make  it  less  suitable  as  a  footi  for  infants. 
These  chanj^s  arc  almost  altofrcthcr  avoided  if  a  temperature  below 
SO^  C  is  used.  It  is  rerom mended,  tlien-fore,  that  the  lowest  tempera- 
ture be  iwed  for  partial  sterilization  which  will  keep  the  milk  whole- 
some for  twenty-four  hours  in  the  warmest  weather  and  kill  the  lul>er- 
cle.  typhoiil,  and  other  non-spore-bearinji  bacilli.  Raisiiig  the  uiilk 
lo  a  temperature  of  70°  C  for  fifteen  minutes  or  80°  C.  for  twelve 
minutes  will  accomplish  this.  One  of  the  many  forms  of  apparatus  is 
the  following: 

(a)  -V  tin  pail  or  pot,  about  ten  inches  deep  by  nine  inches  in  diame- 
ter, pro\ided  with  the  ordinary  tii\  cover  which  has  been  perforated 
with  eight  holes  each  an  inch  in  diameter. 

(h)  A  wire  basket,  with  eight  nursing  bottles  (as  .sold  for  thi.s 
pur|>ose.  in  the  shops). 

{e)  Rublier  corks  for  the  boltlrs  and  a  bristle  brush  for  cleaning 
tliem. 

Directions  dCoplik). — Place  the  milk,  pure  or  diluted  (as  the 
phy.sician  uiay  direct),  in  the  nursing  Ixittles  and  place  the  latfcr 
in  the  wire  basket.  Put  only  sufficient  milk  for  one  nursing  in  each 
bottle.     Do  not  cork  the  bottles  at  first. 

Maviiig  previouTily  poured  aUiul  two  inches  of  water  in  the  tin  pail 
or  poC  and  brought  it  to  the  boiling  point,  tower  the  basket  of  nursing 
buttles  slowly  inio  the  pot.  Do  not  allow  the  bottles  to  touch  the  water 
or  ihey  will  crack.  Put  on  the  perforated  cover  and  let  the  steaming 
continue  for  ten  minutes;  then  remove  the  cover  and  firmly  cork  each 
bottle.  After  replacing  tlie  cover,  allow  the  steaming  to  continue  for 
fifteen  minutes.  The  steam  must  be  allowed  to  escape  freely  or  the 
temperature  will  rise  too  high. 

The  process  i.s  now  completed.  Place  the  basket  of  bottle.s  in  a 
cool,  dark  place  or  in  an  ice-chest.    The  bottles  must  not  be  opened 
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until  just  U'fore  the  milk  is  to  be  used,  and  then  ic  may  be  wanned  by 
plunging  the  bottle  in  warm  water.  If  properly  prepared  the  milk 
will  taste  but  little  like  boiled  iiiJIk. 

^4|The  temperature  attained  under  the  conditions  stated  above  will 
not  exceed  in  extreme  cases  S7'^  C.  (188°  F.). 

Milk  should  be  sterilized  when  it  is  as  fresh  as  possible,  and  only 
sufficient  milk  for  twenty-four  hours  should  be  sterilized  at  one  time. 
If  after  nursing  the  infant  leaves  some  milk  in  the  bottle  this  should      ' 
be  thrown  away.  H 

Oire  of  the  Bottles. — After  nur.<^Ing.  the  iKtttles  should  be  filled  with 
a  strong  solulion  of  washing  wida,  allowed  to  stand  twenty-four  hours, 
and  then  carefully  cleaned  with  a  bristle  (bottle)  brush.  The  rubber 
corks  and  nipples  sliould  be  Imiled  after  using  in  strong  soda  solution 
for  fifteen  minutes  and  then  rinsed  and  dried. 

After  sterilizing  milk  should  never  be  put  into  unsterilized  bottles, 
as  this  will  spoil  it. 

A  different  but  admirable  method  is  the  one  devised  by  Dr.  Fn-e- 
man.*  Here  a  pail  is  filled  to  a  certain  mark  with  water,  and  then  placed 
on  the  stove  until  the  water  boils.  It  is  then  removed,  and  immedialety 
a  milk-holder,  consisting  of  a  series  of  zinc  cylinders,  is  lowered  with 
its  milk  bottU-s  partially  full  of  milk.  The  cover  is  again  applied. 
The  heat  of  the  outside  water  raises  l!ie  temperature  of  the  milk  in 
ten  minutes  to  75*  C.  (167*  F.),  and  holds  it  nearly  at  that  point  for 
some  time.*  After  twenty  minutes  the  milk  is  removed,  placed  in  cold 
water,  and  quickly  cooled.  The  milk  is  kept  in  the  ice-chest  until 
used. 
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<  Afent  for  ruwurlter,  June*  Doiicbeity ,  -lU  W.  Hib  9t. 

*  A  t«iopentur«  of  7l/>  C,  li  uIvImkI  in  ruieurixlnt  milk.  Iiift«a4  of  $y  C.  wMob  would  ortW 
iwrlly  *iimt«  In  kill  aU  UuterlA  free  of  s|)on»,  bcotuae  of  iba  Ikci  poiuu-d  oal  br  TtaeoteM  finttk, 
tb«t  lli«  lMct«r1a  embedded  in  tb*  ptlltcla  wtilcb  ronn*  on  lti«  ■»»«<<•  ara  mora  mUtuBi  Umd 
«urrounO»d  h/  niiM. 
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THE  USE  OP  ANIMALS  FOR  DUGNOffHC  AND  TEST  I'UllI'OSES. 
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SuiTABLK  animals  arc  necessarily  cmplovefl  for  iminy  bftcteriological 
purposes.  1.  To  obtain  a  lieveloprnent :  'nius  they  may  he  used  as  & 
soil  for  bacterial  f;rowtb,  wlien,  as  in  the  ease  of  tuberele  badlli.  we 
cannot  gel  a  growrth  in  the  dead  culture  media.  For  this  reason  material 
vBUspectetl  to  contain  lul)erde  bacilli  is  injectetl  tiito  rabbits  or  guinea- 
pigs,  with  the  knowietlge  tliat.  if  present,  altliough  in  too  small  numbers 
to  be  detected  by  niicro-st-opic  or  eultun.-  methods,  they  will  develop 
in  the  animiili'  bodies,  and  thus  reveal  themselves.  The  same  may  be 
true  of  glanders,  tetanus,  and  anthrax  bacilli,  of  pncuuiococci,  of  other 
bacteria,  and  of  protozoa.  2.  To  cause  an  increase  of  one  variety  of 
organisms  in  a  mixture:  An  injection  of  sputum  siibcutaneously  in 
rabbits  may  gjve  rise  to  a  pure  pneumocnccus  septicemia  or  a  pure 
tuljerculosis.  3.  To  test  viriilenc<r;  Aciiinals  arc  uat-il  to  test  tlie  viru- 
lence or  toxin  pro«luction  of  organisms,  where,  as  in  the  case  of  diph- 
tlieria,  we  have  very  vinileiit,  iilti-iiTiated,  and  non-vinilcnt  bacilli  of, 
so  far  as  we  know,  identical  cultural  characteristics.  Here  the  injec- 
tion of  a  susceptible  annual,  such  as  the  guinea-pig,  is  the  only  way 
that  we  can  differentiate  between  those  capable  of  protlucing  diseases 
from  those  that  are  harmless.  Still  another  use  of  animals  is  to  dif- 
ferentiate between  two  virulent  oi^nisms,  which,  though  entirely 
ditTerent  in  their  specific  disease  poisons,  are  yet  so  closely  allied  niop- 
pholopcally  and  in  culture  characteristics  tliat  they  cannot  always  be 
separated  except  by  studying  their  action  in  the  animal  Imdy  both 
witliout  and  under  the  inHucnce  of  specific  serums  upon  them.  In 
this  way  the  typhoid  and  colon  bacilli  may  be  separated,  or  tlie  pneu- 
XDOCOCCUS  and  streptococcus.  4.  'I'o  test  the  antitoxic  or  bactericidal 
strength  of  sera:  r>iphthcria  antitoxin  in  <tifTorent  amounts  is  added 
to  one  hundred  fatal  (loses  of  diphtheria  toxin  and  injected  into  guinea- 
piga.  and  .streptococcus  immunizing  senmi  is  mixed  with  living  strepto- 
cocci and  injected  into  the  vein  of  a  rabbit.  5.  To  produce  antitoxic, 
bactericidal,  or  iigpliilinatiiig  sera. 

The  iDOCDlatioo  of  Animals.— The  inoculation  of  animals  may  be 
made  eitluT  Ihrotigh  natund  channels  or  through  nrtificial  ones: 

1.  Cutaneous.     Cultures  arc  rubbed  into  the  abraded  skin. 

2.  Subcutaneous.  The  Iwcteria  arc  injected  by  means  of  a  h>'po- 
Hermic  needle  umlcr  the  skin,  or  are  introduced  by  a  platinum  loop 
into  a  pocket  made  by  an  incision. 

.1.  [ntravenous.  The  bacteria  are  injected  by  means  of  a  hypo- 
dermic nce*lb  into  the  vein.    This  is  usually  carried  out  in  the  ear  vein 


136 


PHl.\CIPLt:S  OF  BACTKRJOLOOY 


of  Uic  rnbbtt.  If  rabbits  arc  placed  in  n  holUpr,  so  th»t  the  rabbit 
reiiiaitu  quiet  and  onlv  llie  lieiul  projects,  it  is  usually  easy  to  pass  a 
small  needle  directly  into  one  of  the  ear  veins,  eapecinlly  those  running 
along  their  edges.  I(  the  ear  is  first  moistened  with  a  3  per  cent,  car- 
bolic acid  solution,  and  then  supported  Iwtweeti  the  finger  inside  and 
the  thumb  outside,  the  vein  Is  usually  dearly  seen  and  entered  with 
case,  if  a  sinull,  sharp  nemlle  is  held  almost  parallel  vntU  tlie  ear  surface 
and  gently  pushed  into  it.  When  no  holder  is  present,  the  rabbit  run 
be  held  by  an  assistant  sci/iiig  the  forelegs  in  one  hand  and  the  hind 
in  anotlter  and  holding  the  nibbit  head  downwanl. 

4.  Into  the  anterior  ciianilwr  of  the  eye. 

5.  Into  the  IkkIv  cavities.  The  peritoneal  and  less  often  the  pleural 
cavities  are  used  for  bacterial  injection.  The  hypodermic  needle  is 
usually  employed,  less  often  a  glass  tube  drawn  out  to  a  fine  point. 
The  needle  nr  ilie  pointeil  gla.ss  tube  is  gently  pu.shefl  through  the 
aluloniiiial  wall,  mnveil  about  to  ensure  its  freetlom  from  the  intestines, 
and  the  fluid  injected. 

0.  By  inhalation.  This  method  is  carried  out  by  forcing  the  animal 
to  inhale  an  hifected  spray  or  dust. 

7.  By  the  trachea.  This  methcKl  is  carrie*!  out  by  making  an  incision 
in  the  trachea  and  then  inoc*uhiting  the  mucous  membrane  or  injeiteil 
substances  into  the  trachea  and  bronchi. 

S.  'ITirrnigh  the  intestinal  tract  by  swallowing  or  the  pa.^«age  of  a 
riibber  lulie. 

0.   liilo  the  brain  sulitjuiee  or  ventricles  after  ln']>hining. 

In  these  injections  guinea-pigs  are  helil,  ns  a  ride,  by  an  assistant 
grasping  in  one  hand  the  forelegs  and  in  the  other  the  hiudlegs. 

Rabbits  can  be  held  in  the  same  manner,  or,  better,  placed  in  some 
holder  or  strung  up  by  their  hindlegs. 

"Mice,  which  are  usually  inocnlatetl  subcutaneously  in  the  body  or 
at  the  root  of  the  tail,  are  best  placed  in  a  mouse  holder,  but  can  l>e 
inoculated  by  grasping  the  tail  in  a  pair  of  forceps,  and  then,  while 
allowing  the  mouse  to  hang  head  downward  in  a  jar,  a  glass  plate  is 
pusheil  across  the  top  until  only  space  for  its  tail  is  left. 

All  these  methods  nuist  l>e  earned  out  with  the  greatest  care  as  to 
cleanliness,  the  hair  l>eing  clipped  and  the  skin  partially,  at  least,  dis- 
infected. The  operator  must  be  careful  not  to  infect  himself  or  his 
surroundings.  After  the  inonilations  the  animals  should  be  given  the 
best  of  care,  unless,  for  special  purposes,  we  want  to  study  them  under 
unusual  conditions.  For  foot!,  rabbits  and  guinea-pigs  require  only 
carrots  and  hay. 

If  animaht  die,  autopsy  should  be  made  at  the  earliest  moment  (¥»- 
slble,  for  soon  after  death  some  of  tlie  siH-cies  of  the  bacteria  in  the 
intestines  ore  able  to  ^wnetrnte  through  the  intestinal  walls  anri  infrrt 
the  bo*iy  tissues.  If  delay  is  unavoidable,  the  animals  shoiiKI  hcphteed 
immediately  in  a  cold  place.  In  making  cultures  from  the  dead  iKHliej 
the  greatest  care  should  l>e  taken  to  avoid  contamination.  The  skin 
shouM  be  disinfected,  and  any  dust  prevented  by  wetting  with  a  ■'•  \^r 
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cent,  solution  of  carbolic  aciil.  All  instruments  are  stcriUzetl  by  boil- 
ing in  3  per  cent,  soila  solution  for  Hve  minutes,  f'lianges  of  knives, 
scissors,  and  forceps  shouUi  be  made  as  frequently  as  the  old  ones 
become  infected.  When  organs  are  examined  the  portion  of  the  sur- 
face through  which  an  incision  is  to  be  made  must  be  steriliz-ed,  if 
there  is  danger  tlint  the  .surrounding  cavity  is  infected,  by  searing  with 
the  flat  blade  of  an  iron  spatula  whicli  has  l^ecii  ticateil  to  a  dull-n^l 
heat.  Tissues  if  removed  should  be  immediately  placed  under  cover 
after  removal  so  as  not  to  become  infected.  Sterile  <leep  Petri  plates 
are  useful  for  this  purpose. 

When  it  is  necessary  to  transport  tissues  some  distance  they  should 
be  wrappe«1  in  bichloride  cloths  anti  sent  to  the  point  of  destinntion 
as  soon  as  possible.  In  warm  weather  they  may  be  kept  cool  by  sur- 
rounding the  vessel  which  contains  tUeni  with  ice. 

.\nirauls  rarely  show  tlie  same  grass  lesions  as  man  when  Iwjtii  sufTer 
from  the  same  iTifectiori.  The  coll  changes  are  similar,  and,  also,  so  far 
as  we  iran  test  them,  the  curative  or  immunizing  effects  of  protective 
serums. 

Leokocytes  for  Testing  PhBgocytosis. — Inoculate  into  the  pleural  cavity 
of  a  rabbit  .'>  c.c.  of  a  tliick  susjienston  of  aleuronat  jjowder  in  a  boiled 
Starch  solution.  Tiie  solution  should  lie  thick  enougli  to  hold  the 
alaironat  in  susi»ension.  A  2(t  to  2.j  |>er  cent,  solution  of  peptone 
gives  good  results.  The  fluid  is  withdrawn  eighteen  to  twenty-four 
hours  after  tlie  injection. 


CHAPTEK    Xn. 

THE  PROCURING  OF  MATERIAL  POK  BACTERIOLOGICAL  EXAMI-i 
NATION  FROM  THOSE  SUFFERING  FROM  DISEASE. 


A  LONc  experience  lijis  taught  me  that  jiliysipiaiis  very  fre4:|«ently 
take  a  great  aiuuunt  of  Iroublts  aiiJ  yet,  on  at-couiil  of  not  carrvin);  out 
certain  shnple  but  necessary  precautions,  make  worthless  cultures  or 
send  materiiil  almost  useless  for  bacteriolopical  study. 

In  making  cultures  from  disease«:l  tissues  various  procedures  may 
be  carried  out,  according  to  the  facilities  which  the  physician  has  and 
the  kind  of  information  tliat  he  tlesires  to  obtain.  From  the  dead  bol^y 
culture  material  shouKI  lje  removed  ni  tlie  first  moment  possible  after 
death.  F.very  hour's  delay  makes  the  results  le-ss  reliable.  From  both 
defid  and  living  tissues  the  less  the  altemllon  that  occurs  in  any  sub- 
stance Ijetweeu  its  removal  from  the  body  and  its  inoculation  upon  or 
in  culture  media  or  animals  the  more  exact  the  information  which  will 
be  obtained  from  its  examination.  If  the  material  is  allowed  to  dry 
many  bacteria  will  I^m*  de.stroyed  in  the  process,  and  certain  forms  which 
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were  present  will  be  obliterated  or,  at  least,  entirely  alterwt  in  tlie  pro- 
portion which  they  bear  to  others.  If  possible,  therefore,  culture  media 
should  l>e  inoculatei]  in  the  neighborhooil  of  the  jiatient  or  dead  body. 
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For  that  purpose  a  bacteriolo^st  should  take  the  most  suitable  of  the 
culture  media  to  the  bedside  or  autopsy  talde.  Such  a  list  of  media, 
if  fairly  complete,  would  comprise  nutrient  bouillon  alone  and  mixed 
with  onc-thini  its  quantity  of  ascitic  iluid,  slantc<l  nutrient  agar,  slanted 
agar  streaked  with  rabbit  or  human  blood,  and  firmly  solidified  slanted 
blood  scrum.  If  only  one  variety  of  media  is  to  Iw  used  the  solidified 
blood  aenun  is  most  useful  for  para.sitip  bacteria,  and  this  can  be  easily 
carried  by  the  physician  and  inoculated  by  him,  even  if  he  is  not 
very  familiar  with  bacteriological  technique.  The  material  must  be; 
obtainetj  in  different  waj-s,  according  to  tlie  nature  of  the  infection. 

For  the  detection  of  the  lincteria  causing  septiciemla  we  are  met 
with  the  difficulty  that  there  arc  apt  to  Ijc  verj-  few  organisms  present 
in  the  blood  until  shorUy  Iwfore  death.  It  will,  therefore,  be  use- 
less to  take  only  a  drop  of  blood  for  cultures,  as  even  when  present 
there  may  not  be  more  than  eight  or  ten  organisms  in  a  cubic  centi- 
metre. If  cultures  are  to  be  made  at  all,  it  is,  therefore,  best  to  make 
them  correctly  by  taking  from  5  to  20  c.e.  of  blood  by  means  of  a 
sterile  hypodermic  mw^dle,  or  a  suitable  glass  tube  arme*l  with  a  hy|»o- 
dermic  needle,  from  the  vein  of  the  arm,  after  proper  cleansing  of  the 
skin  and  a  tiny  incision.  Into  each  of  five  different  tubes  containing 
bouillon  we  add  1  c.c.  of  blood,  and  into  a  flask  containing  100  c.c.  nw 
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add  5  c.c.  We  have  made  by  tliis  mixture  of  hlood  and  Ijouillon  a 
iiiasi  suitable  inedhiin  fur  (he  growth  of  all  bacU-ria  wliich  prcMjiice 
septicfpmia.  and  at  the  same  ticue  have  adde<i  a  sufficient  qtiantitv  of 
blood  to  ensure  us  tlie  Ik'sI  possible  chance  of  having  added  some  of 
the  bacteria  producing  the  dbcase.  We  also  add  to  each  several 
IuIks  of  melted  nutrient  agar,  at  40°  C,  1  c.c.  of  blood  and  pour  into 
Petri  plates,  so  as  to  imlicate  roiighlv  the  number  of  orpinisms  present 
if  they  happen  to  W  in  abundanue.  From  wounds,  ab^t-esses,  cellulitis, 
etc.,  the  snhstAnoe  for  bacterinlogieal  exominatiou  ran,  as  a  rule,  l)est  he 
obtained  by  means  of  a  syringe,  or  when  openeil,  by  small  rods  anned 
with  a  little  absorbent  cotton.  A  number  of  these  can  be  carried  in  a 
test-tube.  Both  roils  and  tubes  iriust  be  sterile.  The  swabb  inserted 
in  (the  wound,  then  streaked  gently  over  the  oblique  surfnce  of  the 
nutrient  agar  in  one  tube,  over  tlie  blood  serum  in  another,  and  then 
inserted  in  the  bouillon.  Finally,  cither  at  the  bedside  or  in  the  labo- 
ratory, material  is  thinly  streaked  over  the  surface  of  nutrient  agar 
contained  in  several  I'etri  dishes.  We  inoculate  several  varieties  of 
media,  with  the  hope  that  one  at  least  will  prove  a  suitable  soil  for  the 
growth  of  the  organisms  present.  From  surface  infections  of  mucous 
membranes,  as  in  tlie  nose,  throat,  vagina,  etc.,  the  swab,  again,  is 
probably  tbe  most  useful  instrument  for  obtaining  the  material  for 
examination.  The  greatest  care,  of  course,  must  Ije  used  in  all  cases 
to  remove  the  material  for  study  without  contaminating  it  in  any  way 
by  other  material  which  does  not  belong  to  it.  Thus,  for  instance, 
if  we  wish  to  obtain  material  from  an  abscess  of  the  liver,  where  the 
organ  lies  in  a  peritoneal  cavity  infected  with  bacteria,  here  one  must 
first  absolutely  sterilise  the  surface  of  the  liver  by  pressing  on  it  the 
blade  of  a  hot  iron  spaiula  before  cutting  into  the  aW-ess,  so  that  we 
may  not  attribute  the  infection  which  caused  the  aKscess  to  the  germs 
wliicb  we  obtained  from  the  infected  surface  of  the  liver.  From  such 
an  organ  as  the  uterus  it  is  only  with  the  greatest  care  that  we  can  avoid 
outside  contamination,  antl  only  an  expert  bacteriolugisl  familiar  with 
such  material  will  be  able  to  eliminate  the  vaginal  from  the  uterine 
bacteria. 

.\  statement  of  the  conditions  under  which  materials  are  obtained 
should  always  accompany  thciii  when  sent  to  the  lidjuratorn' for  exami- 
nation, even  if  the  examination  is  to  be  made  by  the  one  who  made 
the  culture-s.  Tliese  facts  should  Ije  noted,  or  otlierwi.se  at  some  future 
date  they  may  l>e  forgotten  and  misleading  information  sent  out.  Tbe 
work  of  obtaining  m:itrriHl  for  cxuminnttoti  witlmtit  eontamiuRtion 
is  at  times  one  of  extreme  difficulty.  It  simply  must  l>e  remembered 
that  if  contamination  does  take  place  our  results  may  become  entirely 
^■itiftted,  and  if  the  difficulties  are  so  great  that  we  cannot  avoid  it,  it 
may  simply  mean  that  under  such  conditions  no  suitable  examiu.ition 
can  be  raa^Ie.  Where  the  substance  to  l>e  studied  cannot  be  immedi- 
ately subjected  to  cultures  or  aninuil  inoculations  it  slmuld  Ix^  trans- 
ferred in  a  sterile  bottle  as  soon  as  passible  to  u  location  where  the 
cultures  can  Ije  made.     If  for  any  reason  delay  must  take  place,  the 
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material  shouKI  at  least  l>e  put  in  a  refrigerator,  where  col<i  will  Iwth 
prevent  nny  further  prouih  of  some  varieties  of  l>acteria  ami  lessen 
the  clanger  of  the  death  of  others.  After  having  made  the  cultures, 
some  of  the  infected  material  should  always  l»e  smeared  on  a  couple  of 
clean  slides  or  cover-plosscs  and  allowed  to  dr\'.  These  can  be  stained 
and  examined  later,  and  may  f^ve  much  valuable  infomialton. 

In  obtaining  samples  of  fluid,  such  as  urine,  feces,  etc.,  the  bottles 
in  which  they  are  placed  should  always  he  sterile,  and,  of  course,  no 
antiseptic  should  be  added.  It  is  necessary  to  clearly  explain  this  to  the 
nurse,  for  she  has  prohahly  l>een  jnslnicted  to  luld  disinfectants  to  alt 
dUcharges.  Disiufei^ted  iiiHti-rijd  is,  (if  rnnrse,  entirely  useless  for 
hacleriologica!  investigations.  It  cannot  l»e  too  much  emphasized 
that  materials  which  are  not  inmiediately  iise^I  should  lie  sent  to  the  ^ 
lalx)ratory  as  quickly  as  possible,  for  in  such  substances  as  feces,  where  fl 
enormous  numbers  of  various  kin<ls  of  t>acleria  are  present,  those 
which  we  seek  most,  such  as  the  typhoid  bacilli,  frequently  succumb 
to  the  deleterious  products  of  the  other  bacleiia  present.  Kven  when 
abundantly  present  living  typhoid  bacilli  may  entirely  disappear  from 
the  feces  in  the  course  of  even  twelve  hours,  while  at  other  times  they 
may  remain  present  for  weeks.  These  differences  depend  on  the  asso- 
ciated organisms  present,  the  chemical  constitution  of  the  feces  or 
urine,  and  (he  conditions  un<ler  which  the  material  is  ubtninetl. 

N'ot  only  fur  obtaining  fluid  for  agglutination  pur{M>ses.  but  also  for; 
e.vamiimtion  for  peculiar  IxMlies  in  the  exanthemata,  blister  fluid  UJ 
viiluable.     .\  blister  can  be  rai.<ied  f^nickly  by  placing  a  little  strong 
ammonia  on  the  skin  and  covering  with  a  watch-glass,  or  more  slowly 
by  a  cantharides  plaster. 


CHAPTER   XIII. 


THE  REI-ATION  OF  BACTEUU  TO  DISEASE. 


In  preceding  chapters  we  have  considered  the  chemical  effects  of 
bacteria  and  their  ferments  on  dead  organic  suljstances.  Now  we  have 
to  consider  the  growth  of  bacteria  in  the  living  host  and  the  results  of 
such  development.  While  it  is  true  tliat  there  is  a  great  ilitferfnce 
between  living  and  dead  matter,  and  that,  therefore,  the  living  anirnal 
cannot  Ijc  looked  upon  as  merely  a  quantitv  of  peculiarly  specialized 
material  to  be  used  for  food  for  bacterial  growth,  still,  in  a  very 
real  sense,  we  arc  warranted  in  considering  the  infected  living  body 
a-s  a  food  mass  subject  to  bacterial  growth.  The  differenre  is  that 
besides  the  chemical  subslance-s,  temperature,  and  conditions  inherent 
to  the  fluids  of  the  living  IkkIv  and  its  tissues,  micro-organisms  have 
also  to  reckon  willi  the  constant  pro<Jiiction  of  new  sulxstanf-TS  by  the 
living  cells  of  the  invaded  organism,  which  may  l)c  antagonistic  to  them. 
In  tlie  production  of  lesions  by  luicro-oiganisras  tlicn-  are  four  main 
factors  invoU-ed — viz.,  on  the  part  of  micro-organ  isms,  the  power  to 
eIal>orate  poison  and  the  ability  to  multiply;  on  the  part  of  the  body, 
the  degree  of  sensitiveness  to  the  jwisons  of  the  bacteria  ami  the  tendency 
U}  pnxluce  antitoxic  or  bactericidal  sul>stance-s.  No  known  variety  of 
bacterial  cell  has  as  a  single  organUni  the  ability  to  produce  enough 
poiaon  to  ilo  appreciable  injury  in  the  bofly,  nor  is  it  probable  that  there 
IS  any  variety  which,  if  it  multiplied  in  the  bo<iy  to  the  extent  that  some 
pathogenic  bacteria  air  capable  of,  woulil  not  produce  fllseast'.-  As 
already  mentioned!,  variclics  of  !>acteria  even  under  similar  conditions 
differ  enorniotisly  in  the  amount  of  poison  which  they  produce  and  ill 
their  ability  after  gaining  entrance  to  multiply  in  the  body. 

To  understan<l  the  bacterial  factor  in  the  production  of  disease  we 
must  recognize  that  both  the  body  invaded  and  the  bacteria  which 
invade  are  living  organisms,  and  that  the  prodnct-s  of  ihecclhdar  acli\ily 
of  the  iMidy  act  on  the  bacteria  at  the  same  time  the  bacterial  products 
act  upon  the  human  body.  Jn-st  as  there  are  different  races  and  S[>ecies 
of  animals  having  dissimilar  characteristics,  there  are  different  races 
and  species  among  buclcriu,  and  just  as  the  dcsiTmhinls  of  one  aniucal 
species  under  changing  conditions  gradually  l>econic  diverse,  so  do  the 
descendants  of  one  bacterial  species,  in  fact,  the  rapidity  of  the  devel- 
opment of  new  generations  of  bacteria  allow  in  them  of  much  quicker 
changes  under  new  conditions  than  are  ]x>ssibte  in  the  higher  animals 
and  plants.  Considering  tlie.se  and  other  facts,  we  can  readilj'  under- 
stand how  the  liifft-rtint  Ivfirs  nf  bacteria  dn  not  grow  inpially  well  in 
every  variety  of  animal,  and  after  disaivering  that  there  are  variations 
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in  the  bactericidnl  properties  nf  the  blood  from  duy  to  day  we  are  not 
surpriswl  tliiit  they  do  not  find  (lit-  Ijody  of  (he  sfirne  animal  always 
equally  suitable.  The  study  of  i»uctcria  in  the  more  simple  and  known  _ 
conditions  of  artificial  culture  media  has  shown  us  how  extremely  ■ 
sensilivp  many  bacteria  are  to  slight  chemical,  and  other  changes.  In 
media  conditions  favorable  to  growth  may  still  l»e  unfavorable  for  toxin 
production. 

If  we  take  specimens  of  diphtheria  bacilli  from  three  difTerent  cases 
of  diphtheria,  we  sometimes  find  that  on  growing  them  For  several  days 
ill  suitable  buiiitlon  one  will  have  produced  |Hjison  in  the  culture  fluid 
to  such  a  degree  that  n  single  drop  suffices  to  kill  a  lorge  guinea-pig; 
the  second,  grown  in  a  similar  UKiiiuer,  will  kill  another  animal  of  the 
same  size  with  half  a  drop;  while  the  third  will  kill  with  one-tenth 
of  a  drop.  This  illustrates  the  inipDrtant  fact  that  different  varieties 
of  the  same  bacillus  have  flilTerent  toxin-producing  i>owers  under  the 
siuue  conditions — that  is,  that  the  eomlitions  that  are  suitable  for  tlie 
full  development  of  the  functions  of  one  strain  are  not  so  for  another 
strain. 

Let  us  now  cultivate  these  same  strains  in  bouillon  which  is  a  little 
loo  acid  or  a  little  too  alkaline  for  their  maximum  tievelopment,  and 
we  shall  find  that  white  all  of  them  will  grow,  oidy  one  and  probably 
that  one  which  produced  the  most  toxin  under  favorable  conditions  will 
continue  to  ilevelop  it,  while  tlie  others  will  fail  to  produce  any  specific  m 
poison.    This  illustration  makes  clear  one  reason  for  the  variation  in  H 
severity  amoHg  flitferent  ca-ses  in  an  epidemic,  sinee  the  conditions  in 
one  throat  may  favor  growth  but  not  toxin  prmluction,  while  in  another 
thront  both  arc  favored.    Tliefact  that  growth  of  bacteria  may  occur  in  ■ 
the  body  and  yet  no  specific  poison  Ije  prexluced,  ami  that,  of  the  same 
s[>ecies  of  bacteria,  some  varieties  are  capable  of  producing  toxin  under 
less  favorable  circiunstances  than  others,  is  very  important  to  remember. 

The  cultivation  of  the  tetanus  bacillus  also  furnishes  some  interesting 
facts  which  illustrate  the  complicated  ways  in  which  the  growth  of  ■ 
varieties  of  bacteria  are  hindered  or  assisted.  The  tetanus  bacillus, 
when  placed  in  suitable  media,  will  not  grow  except  in  the  absence  of 
oxygen;  but  plaee  it  under  the  same  conditions,  together  witli  a  ndcr<>- 
urganism  wliich  activt-Iy  assimilates  oxygen,  and  the  two  in  association 
will  grow  in  the  presence  of  air.  As  a  rule,  when  tetanus  bacilli  are 
driven  into  the  flesh  by  a  dirty  nail  or  blank  cartridge  plug,  atrobic 
bacteria  are  driven  in  aUo  and  so  help  to  further  infection. 

The  inHuenza  bacillus  is  a  striking  example  of  the  s|)ccial  require- 
ments of  certain  bacteria.  On  culture  media  it  will  thrive  only  in  the 
presence  of  ha.>moglobin. 

It  is  evident,  therefore,  that  for  each  variety  of  organism  there  are 
special  cotxlitiuns  requisite  fur  growth,  ami  that  a  teni[»erjilure,  degree 
of  acidity,  kind  of  food,  supply  of  oxygen,  etc.,  suitnlile  for  one  may  be 
utterly  unsuitable  for  another;  that,  still  fnrtlier,  when  two  organisms 
grow  together  one  may  so  alter  some  of  these  conditions  as  to  render 
unsuitable  ones  suitable,  and  vice  versa. 
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Let  us  now  consider  some  of  the  facts  'n'hicli  Lave  been  observed 
concerning  the  growth  of  bacteria  in  the  living  body  as  contrasted  with 
culture  media.  In  tlic  first  place,  it  lius  l>ecii  learned,  as  will  l)e  descril)cd 
in  the  latter  part  of  the  book,  that  each  variety  of  bacteria  can  incite 
only  certain  types  of  infection.  Indeed,  because  of  this  fact,  the  majority 
of  bacteria  which  excite  diseusc  can  be  traced  back  for  thousands  of 
years  by  means  of  the  records,  these  parasitic  bacteria  breedinp  true 
and  keeping  distinct  from  the  great  mass  of  bacteria  occurring  In  the 
air,  water,  and  soil. 

Parasitic  bacteria  have  gradually  adapter)  themselves  not  only  to 
certain  species  of  animals,  bui  lo  eertain  eiici  mi  scribed  areas  of  the 
body.  Thus  the  diphtheria  bacilli  grow  chiefly  upon  the  mucous  mem- 
branes of  the  respiratory  tract,  but  cannot  develop  in  the  blood  or  in 
the  subcutaneous  tissues.  The  cholera  spirilla  develop  in  the  in^amed 
intestinal  mucons  mcrabrane,  bnt  cannot  grow  in  the  rcspiratorT,"  tract, 
blood,  or  tissues.  The  tetanus  bacilli  develop  in  wounds  of  llie  sub- 
cutaneous tissues,  but  cannot  grow  on  the  intestinal  mucous  mem- 
branes or  in   the  blood. 

Other  bacteria  find,  indeed,  certain  regions  especially  suitable  for 
their  growth,  but  under  corilitions  favorable  for  them  are  capable  of 
developing  in  other  locations.  Thus,  the  typhoiil  Itaclllus  grows 
most  luxuriantly  in  the  Peyer  patches  and  mesenteric  glands,  but  also 
invades  the  blood,  spleen,  and  other  regions.  The  tubercle  bacillus 
often  remains  localized  in  the  apex  of  a  lung  or  a  gland  for  years,  but 
at  any  time  may  invade  many  tissues  of  the  body.  The  gonococcus 
finds  the  mucous  membrane  of  the  genitourinai*y  tract  most  .suitable 
for  its  development,  but  also  frequently  is  ciijMible  of  growth  in  the 
peritoneum  and  even  sometimes  in  the  general  circulation.  The  pneu- 
mococcus  develops  most  rcaiJily  in  the  lungs,  bnt  also  invades  the  con- 
nective tissues,  serous  iiieinbranes,  and  the  blood. 

All  these  bacteria,  although  ordinarily  incrcusiug  only  in  the  body  of 
man.  can  be  grown  on  suitable  dead  material. 

There  are  bacteria  which,  in  so  far  as  we  know,  find  the  bodies  of 
human  l)eings  or  auinuds  the  only  lit  soil  for  their  growth.  These  are 
strictly  the  true  parasites.  The  spirilhini  of  relapsing  fever  grows  only 
in  man;  neither  the  forwl  nor  the  conditions  suitable  for  the  develop- 
ment of  th'is  micro-organism  outside  of  the  body  have  as  yet  been  dis- 
covered. 

Following  rather  closely  the  schematic  separation  of  bacteria  accord- 
ing to  their  relation  to  disease  we  might  clas.sify  them  as: 

1.  Strict  saprophiftes,  or  bacteria  which  grow  readily  in  suitable  dead 
organic  material,  but  not  in  the  body  under  ordinnn*  conditions. 

a.  Bacteria  which  in  their  growth  produce  no  substances  poisonous 
to  the  liody,  which  are  capable  of  aKsorption  ihrongh  the  intestinal 
ivalls  or  act  on  its  epithelium. 

b.  Bacteria  which  produce  in  their  growth  in  dead  organic  matter 
poisons  capable  of  acting  on  the  mucous  membrane  or  of  being 
absorbed  into  the  animal  body. 
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2.  Paraaiiev,  vith  possibilily  of  suprophytie  (growth.  These 
bacteria  which  ran  tlevelop  either  as  parasites  or  saprophytes.  'Hte 
different  varieties  varv  as  to  Oie  ainouiil.  of  poison  uhieh  ibey  prorJuce. 
Some  grow  luxuriantly  in  dead  organic  material  under  very  diverse 
conditions,  others  only  under  specially  favorahle  conditions.  In  the 
boily  they  also  vary — some  grow  extensively  in  the  blooil,  while  othen 
are  limited  to  one  or  more  tissues,  some  l>eiiig  widely  dLiscniinaled 
throughout  the  hody,  while  others  are  localized  in  or  upon  a  certain 
portion  of  it.  I 

3.  Strict  partuitea,  or  bacteria  which,  so  far  as  we  know,  grow  only^ 
in  the  living  animal  or  vegetable  organism.     These  again  vary  in  tlic 
amount  of  poison  which  they  produce  aud  in  the  local  or  general  infe 
tion  to  wliich  they  give  rise. 

Adaptation  of  Bacteria  to  the  Soil  upon  wliich  Thaj  Are  Grown. ^Those] 
bacteria  which  grow  both  in  living  and  iiead  substances  vary  from  time 
to  time  na  to  their  readine-ss  to  develop  in  either  the  one  or  the  other. 
As  a  general  rule,  baoterin  grown  in  any  one  nie<liuni  Ijeeoine  more  and 
more  accustomed  to  that  and  oilier  media  more  or  leas  analogous  to  it, 
while,  on  the  other  hand,  they  are  less  easily  cultivated  on  media  widely 
dilferent  from  that  in  which  they  have  ilcvelopeil.  Thus  we  have  a 
culture  of  Inbercle  bacilli  which,  after  having  grown  for  three  years  in 
the  bodies  of  guinea-pips,  will  no  longer  develop  on  dead  organic  matter, 
while  a  i>acilhi5  which  was  obtaine<l  from  the  same  stock,  but  growi 
on  bouillon  for  three  years,  will  no  limger  increase  in  the  animal  Ixkdyi 
From  the  same  stock,  therefore,  two  varieties  have  developed,  the 
being  now  practically  a  sapn>pliyti*  and  the  i>ther  a  parasite. 

Local  Effects  Prodaced  by  Bacteria  and  Their  Products. — After  the  bar- 
teria  gains  entrance  to  a  suitable  part  of  the  bo<iy  and  find  conditions 
favorable  for  growth  there  is  a  certain  lapse  of  time  before  snfBrieDt 
bacterial  poisons  have  acciiranlated  to  cause  by  their  action  on  the  ti<»ue 
noticeable  disturbance.  This  is  called  the  perioii  of  incubation.  Its 
length  depends  on  the  amount,  kind,  and  virulence  of  the  micro-organ- 
isms intr«iuce<l  and  the  ti.-wiie  invaded.  The  incubation  perioii  over, 
we  note  the  course  of  the  local  ami  general  lesions  excited  by  the  specific 
and  general  j>i»isons.  The  extent  to  which  this  will  progress  depend5,i 
on  the  one  hand,  on  the  cliaraeteristics  of  the  invafling  miero-organisnis] 
on  the  other,  on  the  characteristics  of  the  tissues  invmled. 

The  local  etTects  of  the  bacterial  poisons  upon  the  cells  give  rise  U 
the  various  kinds  of  uillaminutiun,  such  us  serous,  fibrinous,  purulent, 
croupous,  hemorrhagic,  necrotic,  and  gangrenous,  and  also  proUfera-J 
tive.  as  seen,  for  example,  in  leprtwiv.  Some  bacteria  incite  speciti< 
forms  of  inlhimmalion  along  with  those  common  to  many  l>Hcteria] 
others  prcMliice  no  [leculiar  form  of  lesions. 

Thus  inflammation  and  serous  cxuilation  into  the  subcutaneous  tis- 
sues follow  injections  of  the  puciiinococcns  or  anthrax  bacillus.  The 
development  of  the  streptococcus  or  pneumococciis  in  the  endocardium 
or  pleural  cavity  is  followed  by  a  serous  exudation,  frwpicntly  with 
more  or  less  fibrin  production.     The  formation  of  pus  results  morej 
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especially  from  the  streptococcus,  pneiitnococcus,  and  staphylococcus; 

but  nearly  all  forms  of  bacteria,  when  they  accumulate  in  one 
locality,  may  produce  purulent  iuMiiruination.  The  colon,  typhoid, 
and  influenza  bacilli  fre<|uently  cause  the  fomiatiim  i>f  alweesses. 

Catarrhal  inftaininatiun,  with  or  without  pus,  follows  the  absorption 
of  the  pnxlucLs  of  nuiiiy  Imcteria,  such  as  the  gfuiwnccus,  piieutuo- 
coccus.  streptococcus,  and  influenza  bacillus,  etc.  'I'hc  lieniorrhagic 
exudation  seen  in  pneumonia  is  ujiiuully  due  to  tlic  pneumococcus;  it  is 
olj9en*ed  also  in  other  infections.  Cell  necrosis  is  produced  frecjuently 
by  the  products  of  the  diphtheria  and  of  the  typhoid  bacilli  and  by 
those  of  other  Imcteria.  .S|>ecific  proliferative  inflammatioji  follows 
the  tomli/atioii  of  the  proihicl-s  deriveiJ  from  tlie  tul>ercle  bacillus  and 
the  leprosy  bacillus. 

Not  only  cau  the  poisons  of  one  species  of  bacteria,  according  to  the 
tissues  attacked,  produce  several  forms  of  inflammation,  but  the  same 
orfpaiiism  will  vary  as  to  its  mode  and  extent  of  invasion;  this  depend- 
ing, first,  upon  its  own  characteristics  at  the  lime  as  to  virulence,  etc., 
and.  second,  upon  the  comlitions  in  the  infected  animal,  such  as  its 
health  and  power  of  resistance,  the  location  of  infection,  anrl  the  cir- 
ctnnstaiices  under  which  the  aninml  remMins.  Such  variations,  tjiere- 
fore.  are  in  no  ciuse  s[>ecific,  for  different  poiscui-S  will  prochice  changes 
whirli  »p|H'ar  icK-nfifid. 

BSanner  in  which  Bacteria  Produce  Injury. — The  actual  mechanical 
presem-e  of  the  bacteria  is  only  of  iniportrince  when,  as  in  pronounced 
septirifuiin  or  pyiiinia,  they  exist  in  such  enonnous  numbers  as  lo  inter- 
fere mechanically  with  the  circuliUion  or  cau.se  minute  thrombi,  and 
later  emboli,  which  finally  produce  infarction  and  abscesses  in  different 
putts  of  the  body.  Kver  the-se  dangerous  effects  are  almost  wholly 
due  to  the  chemical  substances  given  off,  which  are  more  or  less  directly 
poisonous.  .Some  portiiui  of  the  protoplasm  of  almost  every  variety 
of  liactiTta  acts  a.s  an  irritjint  to  tissues  and  comliines  with  some  of 
the  hotly  cells,  and  that  of  nnwt  liiivc  a  pasitive  cliemotaxis. 

Tlicse  poisonous  products,  as  already  describdl  in  the  previous 
chapter,  can  he  separated  from  the  culture  fluid  in  which  the  bacteria 
have  )jrown  or  they  can  be  extracletl  from  their  btxlies.  These  prod- 
ucts without  the  bacteria  themselves  injected  into  animals  cause  essen- 
tially tlie  same  le-.«;ii)ns  as  are  produce<l  by  the  bacteria  when  they  develop 
in  tlie  animal  l»ody.  The  substances  contained  in  or  produced  by  the 
bacteria,  with  few  exceptions,  attract  the  leukocytes,  an<l  when  great 
masses  of  iKicleria  ilie  siippunitiou  usually  follows. 

Oener&l  Symptoms  Oausad  by  Bacterial  Poisons  Abaorbed  into  the  Oirca- 
lation. — Kever  Is  produced  under  favornble  conditions  by  all  bacterial 
jjoisoiLS.  The  first  n.'(|uisite  is  that  sufficient  prisons  In-  absorbed;  but, 
on  the  other  hand,  they  must  not  he  ab3orl)ed  with  such  rapidity  as 
lo  overwhelm  the  infected,  for  a  inudcrate  dose  may  raise  the  tem- 
perature, while  a  very  large  dose  U)wers  it,  as  occurs  sometimes  when 
a  very  large  surface,  such  as  the  peritoneum,  is  suddenly  involved.  The 
effect  of  fever  has  no  known  antibacterial  power,  but  it  may  l>e  rhie  to 

10 


146 


PRIXCIPI-Kti  OF  BACTERlOtjOGY 


some  part  of  the  reaction  of  the  tu;sues  which  in  other  portions  gives  ri*r 
to  the  antitoxin.s  and  antihaclericidal  siil (Stances.  It  is  also  a  sign  that 
the  body  tx'lls  as  a  whtih*  »n\  nut  u-t  ovrrwhrhneil  by  the  inft-clinn. 

With  few  exceptions  tlie  Itaeteriul  poisons  prwhice  an  increase  in  the 
numlnT  uf  letikocytt-s  and  a  lesbeuiug  in  (he  aiuuunt  of  titeino^lohiii 
in  the  blnod.  Tn  unconipticnted  infection  with  t\*phoid  luieilH  tliere  is 
R  bypolcukuoyiosis.  The  dilferent  varieties  of  leukocytes  are  increased 
in  vamng  profK>rtions  in  different  infections,  'i'he  red-hlood  cells  are 
directly  injiireil  by  a  number  of  bacterial  suhstaiico^.  'J'he  ileletetious 
effects  on  the  ntitrition  are  partly  due  to  the  direct  effect  of  the  poison 
and  partly  to  the  disease*)  c<»ndilions  of  the  organs  of  the  body,  suob  as 
the  spleen,  kidney,  and  liver.  Degeneration  of  the  nerve  cells  is  fre- 
(piently  nolii-eil  after  infectious  diseases;  esjiecially  is  this  true  of  »iiph-  i 
tlieria.  Sevenil  bacteriul  pobons  Imve  l>een  found  to  produce  convul-^| 
sions;  the  lii-st  example  of  this  is  the  tetanus  toxin.  ^^ 


nundx-r  introduced  has  an  iuuncnse  influence  upon  the  probability  of^H 
infection  takuig  place.  ^^ 

If  we  introduce  into  a  culture  ine<]iuni  containing  some  fresh  human 
blood  orseruin  a  few  bacteria  it  b  probable  that  they  will  all  die;  whereas 
if  a  greater  ruindicr  »re  iiitrfMliict-d,  whiU-  thcrp  will  at  (jrst  be  »  great 
diiniiiiiliun  of  these,  those  that  die,  Imving  cond>ineil  with  the  bacteri- 
cidal snVisUnices  in  the  serum,  ueutndize  tlieui;  then  those  bacteria  which 
survive  begin  to  increase,  and  soon  they  multiply  enormously.  TTic 
same  is  true  for  parasitic  bacteria  in  the  hotly.  A  few  only  gtiiiiiiig 
entrance,  they  n.ay  die;  a  larger  number  being  introduced,  .some  may 
or  may  not  survive;  Init  if  a  still  greater  quantity  is  injected  it  Is  aln^ost 
certain  that  there  will  be  some  snniving  ineml>er9,  which,  because  of 
the  antagonistic  snl>atances.  having  (>een  neutralized  or  of  Uieir  liavii^ 
some  peculiar  properties,  will  begin  to  grow  and  excite  disease. 

With  tltosf'  bai^leria  wIuxm-  virulence  is  great  a  very  few  (>qranisni.<i 
will  pi'o<luL-e  disease  Hliiui.st  as  quickly  as  a  million,  allowance  onlv 
L>eing  made  for  the  short  time  requin^l  for  the  few  to  l»ecoinc  equal  in  ^ 
number  to  the  million.  At  the  other  extreme  of  vinileoce,  howeTrr,,H 
many  millions  may  have  to  l>e  iiitroiluced  to  |>ermit  of  the  development 
of  any  of  the  orgjinisms  in  the  body.  With  these  bacteria  we  are  thus 
able  to  produce  either  no  etfcct  whatever,  a  local  effect,  or  in  some 


cases  a  general  septicaemia,  by  regulating  the  amount  of  infection  intro> 
duced.  In  the  majority  of  cases  in  man  the  number  of  bacteria  re-i 
ceii-ed  is  comparatively  Minall  ;  but  by  tJic  rupture  of  an  abscess  into 
a  lioily  cavity  or  into  the  circulation,  or  by  the  opening  of  the  intes- 
tinal contents  into  the  peritoneum,  the  quantity  mtnxluccd  may  be 
enormous. 

Variation  in  Degroe  of  Vimleace  Possessed  by  Bacteria.— Hacteria 
dilfer,  as  has  already  been  stated,  as  to  the  ease  and  rapidity  witli 
which  they  grow  in  any  nutritive  snitstance  and  the  amount  of  poison 
they  produce.  Uolh  of  these  properties  not  only  van,'  greatly  in 
different  members  of  the  same  species,  but  each  variety  of  bacteria 
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may  to  &  Urge  extent  t>e  increased  or  ditninlshe^l  in  rirulence.  The 
s^'pticaemic  class  of  bacteria  witen  ^rowii  in  the  bodv  fluids  gradually 
prixluoe  oells  with  lejw  substance  with  affinity  for  the  bactericidal  sub- 
stances of  the  blood  and  thus  Iwcome  less  vulnerable.  Tlie  variation 
ill  the  amount  of  specific  pol-ioiis  produced  by  bacteria  can  l>c  best 
sluilii-d  io  fliphllit'ria  atnl  tftanus.  We  note,  fii-s(,  dial  didrn-rit 
ctdtures  of  diphUicria  and  tetanus  bacilH  have  wide  variations  In 
the  Huiount  of  loxiii  which  they  produce- r.i'.,  a  diphtheria  Imcilliis 
obtained  from  a  case  of  diphtheria  will  produce  in  suitable  nutrient 
broih  a  poison  of  such  strength  that  1  c.c.  will  kill  an  a\eragc-sized 
guinea-pig,  while  the  poison  from  another  bacillus  will  kill  with  a 
much  leas  quantity,  or  0.005  c.c.  Further,  the  bacilli  obtninetl  from 
some  sources  retain  their  power  of  producing  poison,  when  grown  on 
artificial  media,  for  years  unaltered,  while  others  lose  nnicli  of  this  in 
a  few  niontlis.    This  is  equally  true  of  the  tetanus  bacilli. 

The  pow^-r  to  pnnliice  toxin  can  be  taken  from  bHclUi  hy  growing 
theiu  under  adverse  circumstances,  such  as  cultivation  at  the  luuxi- 
mum  temperature  at  which  they  arc  capable  of  development.  Some 
bacilli  are  easily  atleniiatetl;  others  are  rot)hed  of  their  virulence  only 
with  great  difficulty.  Increase  of  toxin-production  is  more  tliflicnit, 
and  it  is  only  possible  to  obtain  it  to  a  certain  extent.  The  means 
tLMially  employed  are  the  frequent  replanting  of  cultures  Hut  with 
all  our  eilorts  we  are  usually  only  able  to  restore  appro,\imately  ihe 
degree  of  toxin-fonnation  wlneh  tin*  cultuiTS  originally  possessed.  The 
adoptjition  of  bacteria  to  any  nutritive  substance.  living  or  dead,  so 
that  ihcy  will  grow  more  readily,  is  more  easily  brought  about,  pri>- 
vided  they  will  grow  at  all.  The  streptococcus  from  erysipelas  and  the 
pneumococcus  from  pnenmonia  are  typical  of  this  cla.ss  of  bacteria. 
Inoculate  a  rabbit  with  a  few  streptococci  obtained  from  a  case  of 
human  -M-psLs,  and.  as  a  rule,  no  n«ult  follows;  inject  a  few  million, 
ami  usually  a  local  induration  or  abscess  appears;  but  if  one  hundred 
mtlHon  are  administered  septica'mia  develops.  From  this  rabbit  now 
inoculate  another,  and  we  find  that  a  dose  slightly  smaller  suffices  to 
produce  tlie  same  efTect;  in  tlie  next  animal  inoc\ilated  from  this  still 
less  is  required,  and  so  on,  iLntil  in  time,  with  some  cultures,  a  vi^ry 
minute  number  will  surely  develop  and  pruxlucc  death.  The  same 
increase  in  virulence  can  be  noted  when  septic  infection  is  carried  in 
surgery  or  obstetrics  from  one  human  case  to  another.  By  allowing 
bacteria  to  continue  to  develop  under  certain  fixed  conditions  they 
liecome  accustomed  to  them,  ami  le,^s  adapted  for  all  tliaf  differ. 

Somewhat  distinct,  again,  from  that  class  of  bacteria  which  nmltiply 
rapidly  are  those  which,  like  the  tubercle  and  leprosy  bacilli,  because 
of  not  developing  in  Ihe  bluwl  iufit'asc  more  slowly.  IleiT  iuereasc  of 
virulence  is  shown,  as  before,  by  the  production  of  ili.'*easc  through 
tlie  introduction  of  very  small  numbers  into  the  bwly,  but  increase 
in  rapidity  of  development  cannot  progress  except  to  within  certain 
limits.  A  single  streptococcus  may,  through  its  rapid  multiplication, 
produce  death  in  eighteen  hours;  a  single  tubercle  bacillus,  on  the 
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other  hand,  cannot  produce  sufficient  numhers  in  less  than  two  wvtks. 
The  vinilerict*  of  the  scptiripinio  class  uf  hacterin  Ls  not  at  all  the  some 
when  mensured  in  different  iiniinnU,  and  it  is  Inrgely  fur  this  reason  ^ 
that  the  virulence  in  test  animals  does  not  usually  correspond  with  the  H 
severity  of  the  case  from  which  the  organism  was  derived.  We  should  ~ 
reuicndtcr  in  this  connection  the  varying  power  of  resistance  in  dif- 
ferent animals  to  the  same  oi^anlstn  and  of  the  same  individual  at  H 
different  times.  ^ 

Uixed  Infection. — Hhe  combine<l  effects  upon  the  tissues  of  the  prod- 
ucts of  two  fir  more  varietifs  of  piiMiogrnic  Itacteriu,  and  also  of  the 
influence  of  these  different  forms  on  each  oilier,  are  of  great  imjwr- 
lancc  in  the  production  of  rllsease.  Tht;  infection  from  several  different 
organisms  may  occur  at  the  same  lime,  or  one  may  follow  the  oilier  or 
others^ — so-called  sectuidary  infection.  Thu.f,  an  abscess  It  often  due 
to  .'Several  fonus  of  pyoj^enic  cocci.  If  a  fresh  wouud  is  infected  from 
such  a  source  the  inHammation  produced  will  probably  be  causetl  bv 
all  the  varieties  present  in  the  orii^nal  infection.  Peritonitis  following 
intestinal  injuries  must  nere.ssarily  I>e  due  to  more  than  one  orf^nism. 
Thus,  whenever  two  or  more  varieties  of  bacteria  are  transferred  to 
a  new  .soil,  mixed  inferiinn  takes  place  if  more  tlian  one  variety  i^fl 
capable  of  developing  in  that  locality.  " 

Fonns  of  infection  which  are  allied  to  both  mixed  and  secondaiy 
infection  an^  those  occurring  in  the  mucous  membranes  of  (he  respiratory 
and  digestive  tract.  In  these  situations  pathogenic  bacteria  of  slight 
virulence  are  always  present  even  in  heaith.  Thus,  in  the  upper  air 
passages  there  are  usually  found  streptococci,  .'itapliylococci.  and  pueu- 
mococci.  When  through  a  cold,  or  the  invasion  of  another  infective 
agent,  lus  the  diphtheria  bacillus,  the  virus  of  smalliHix  or  scarlet  fe\-er, 
the  eptllieliMni  nf  the  mucous  membrane  uf  the  lliroat  Ls  injured  or 
destrove<l,  the  pyogenic  cocci  alreadv  present  are  now  enabled  in  this 
diseased  membrane  to  grow.  prtMhur  their  poison,  and  even  invade 
deeper  tissues.  The  intestinal  mucous  membrane  is  invailwl  in  &■ 
similar  way  by  the  colon  bftcilU  and  other  organisms  after  injur)-  by 
the  l^-phoid  or  dysentery  harilli  or  cholera  .spirilla.  Generally  speaking 
all  inlltiniinntiDiis  of  the  mucous  membranes  and  skin  contain  some  of 
the  elements  of  niixeti  infection.  Hlood  infection,  on  the  other  hand, 
is  usually  <lue  to  one  form  of  bacteria,  as  even  when  several  ^'arieties 
are  intrtxluced,  only  one,  as  a  rule,  is  capsible  of  «levelopnient.  'ITie 
same  is  tnie  to  a  soinewliut  less  cvtent  of  iidlannnatiou  of  the  connec- 
tive tissue.  The  additiimal  jjoison  given  nlf  by  the  associHtifl  Imcteria 
aid  infection  by  llic  primary  invaders  by  causing  a  lowering  of  the  vital 
resistance  of  the  body.  In  some  cases  the  secondary-  infection  is  & 
greater  danger  than  the  primary  one.  as  pneumococcic  bronchopneu- 
monia in  laryngeal  diphthena  or  streptococcic  septica'mia  in  scarlet 
fever  and  smallpox.  ^ 

The  bacteria  are  also  at  times  directly  influenced  by  the  products  " 
of  as.<)ociated  organisms.     These  may  affect  them  injuriously,  as,  for 
example,  the  pyogenic  cocci  in  anthrax;  or  they  may  be  necessary  to 
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their  development,  as  in  the  case  of  anaerobic  bacteria.  Not  infrequently 
the  tetanus  bacilli  or  s|)ores  woiiUl  not  he  able  to  develop  in  wounds 
were  it  not  for  the  presence  of  aerobic  bacteria  iutrodncetl  with  tbeni. 
This  is  sho^vn  outside  the  body,  where  tetanus  bacilli  will  not  grow  in 
the  presence  of  oxygen  unless  aerobic  bacteria  are  associated  with 
them.  Apun,  it  is  found  that  the  assocbition  of  one  variety  with  another 
may  increase  its  vindence.  Streptococci  are  stated  to  increase  the  viru- 
lence of  diphtheria  liacilli,  but  here  it  is  probably  tlie  loss  of  resistance 
of  the  tissues  because  of  the  streptococcic  poison.  On  the  other  hand, 
the  absorption  of  the  products  of  certain  bacteria  immunizes  the  body 
H(;»inst  the  invasion  of  ufhcr  Iiaclcria,  as  shown  by  Pnsleur  that 
attenuaicd  chicken-cholern  cidtvires  priHluce  immunity  against  anthrax. 

AbiU^  of  BoetarLa  to  Penetrate  the  Skin  and  Mucoos  Membranes.  The 
Skin. — The  unbroken  skin  i.s  a  great  protection  against  the  [tenetra- 
lion  of  niicro-organisnts.  When  thev  do  penetrate  it  is  through  the 
glands,  or  more  often  througli  .some  unobserved  wouml.  Soluble 
vegetable  poisons,  such  as  aconite  and  bacterial  toxins,  are  not 
aKsorlMMl. 

'lliere  i.s  an  apparent  exception  to  the  above  statements  in  the  fact 
that  the  pyogenic  staphylococci  and  sometimes  the  streptococci  exist 
upon  the  skin  or  in  it  between  Its  suiHTfLcinl  liorny  cells,  some  excep- 
tional circimistances.  sucli  as  wounds  4>r  burns.  Iichig  re(]uired  to  allow 
the  organisms  to  penetrate  dccix-r.  The  cutaneous  sweat  glands,  and 
the  hair  follicles  with  their  appended  sebaceous  glands,  may  allow 
entrance  of  infection,  as  various  inciilents  may  lead  to  the  intrmhiction 
and  retention  of  vinilent  micn>organisms.  When  this  occurs  the 
rctaiue<i  products  may  lead  to  necrosis  of  (he  epithelium  and  thus 
allow^  the  Imcteria  to  penetrate  to  the  deeper  tissues.  The  secretion 
of  (he  sebatvous  glands  api^ears  nut  lo  be  bactericidal,  but  tlie  acidity 
of  the  perspiration  reiuiers  it  slightly  so. 

SuBCLTANEous  CONNECTIVE  TissirEH. — Manv  bacteria  cannot  de- 
velop in  the  connective  tissues  ami  others  produce  a  milder  infection 
tliere  than  elsewhere.  Others  develop  readily  and  cause  infection.  The 
nipidity  of  development  of  new  connective  tissue  and  the  bactericidal 
properties  of  the  l\Tiipli  are  the  main  known  hirulrances  to  infection. 

Thk  Mucont*  ^lEMniUNi:s. — The  moist  condition  of  the  surface  of 
the  membranes  aids  biu'terial  niiilliplicntinn,  Mucns  is  only  slightly 
bnctenci<lal  for  some  bacteriii  nnd  n<»(  at  nil  for  others.  Bacteria,  such 
a.**  the  pneumociK'ci  an«l  strepriic»H'ci,  ivnuiiniun  in  il  become  sonu-wlmt 
attennated.  The  conjuiidivai  mucous  membranes  are  protected  by 
the  cleansing  pro<lucc<i  by  tlie  flow  of  the  lacr\-mal  seoivtion  and  by 
its  slight  germicidal  action.  In  infancy  the  membranes  are  readily 
infected  by  gonococci  .and  later  by  pneumococci,  the  Koch-Weeks 
bacillus  and  others.  ^lany  soluVile  poisons  and  toxins  are  absorl)e<l. 
'l*he  mucous  membranes  of  the  nasid  cavitv  an*  somewhat  cleansed  by 
the  nasul  secretion,  which  is  feebly  bactericidal.  The  deeper  portions 
of  tlie  nasal  cavity  are  usually  the  seat  of  .streptococci  and  other 
bacteria.     The  mouth  in  a  |mtso!i  in  health  is  cleunsed  by  the  feebly 
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bacterioi(la)  saliva.  When  ihe  leeth  are  decaved  mniiv  varieiiea  of 
bacteria  ahound.  TIk'  Imctcria.  sueli  as  tlie  tliphtheria  bacilli,  strepto- 
cocci, cti'.,  mrely  iiiviule  tlic  iimcous  uiciiibracie  of  tlie  tongue  or  mouth. 

The  tonsils  with  their  crypts  are  usually  the  seat  of  the  pyogenic 
cocci  and  are  readily  icifected  by  the  diplitlicria  bacilli  and  others. 
WTielher  the  absolutely  intact  epithelium  allows  the  paasafje  of  iJiese 
bacteiia  is  disputed,  but  with  Ihe  slight  pathcdogical  lesions  usuallv 
present  it  undoubtedly  does. 

Thf,  liCN'CS. — Most  inhnleil  bacteria  which  pa!«  the  larynx  ai* 
caught  ill  the  broiiehi.  Many  of  these  are  gradually  removed  by  tl»e 
cilliited  4-pilheIiinii.  Both  the  :dvetilHr  cpiibeliiil  cells  and  the  leukocytes 
which  enter  the  air  sacs  and  bronchioles  have  lieen  shown  to  take  tip 
bacteria.  The  normal  Unig  is,  therefore,  rapidly  freed  of  bacteria. 
Under  tlie  influences  of  certain  nervous  impressions  such  as  follow 
exposure  to  cokl.  etc.,  certain  arca.s  of  the  lung  seem  to  lose  their 
protective  defences. 

TfiK  STo»r.\<:ii. — 'I'he  pure  gastric  juice,  through  the  hy^lriHihtoric 
acid  it  contnins,  k  able  to  kill  most  non-spore-bearing  organisms  in  a 
short  time,  but  lierause  of  neutralization  through  foocl.or  because  the 
bacteria  are  proteeted  in  the  fLHjd,  many  of  them  pa.ss  into  tlie  intestines. 
Tuliercle,  typhoid,  cftloti,  luid  dysentery  luieiiti,  when  fed  by  the  moutb 
with  fowl,  readily  pass  throtigii  the  stomach.  Certain  aeidiphilio  gtrrms, 
as  well  as  yeasts  and  toruhc.  seem  to  grow  in  the  gastric  secretion:  these 
are  largely  non-pathogenic.  Perforation  of  tbc  stomach  is  usimlly 
followed  by  peritonitis.  Iwcause  of  the  irritant  effect  of  the  gastric  juice 
and  the  presence  of  Iwicteriti  which  arc  temporarily  retained.  The 
gastric  juice  neutralizes  tetanus  and  diphtheria  toxins.  Other  poisons, 
such  as  some  that  occur  in  decayed  mcAt.  are  not  nentmlized.  The 
sloiimch  Is  exceptionally  free  from  bacterial  Iidlnmmations. 

1\TK**TINF.S. — The  bile  is  feebly  bHCtericiilal  for  some  bncteria.  but, 
on  the  whole,  the  intestinal  secretions  have  little  or  no  giTiniciilal  power. 
The  nLHiilKT  of  bacteria  incn.-ase  sleaxldy  from  the  duodenum  to  the 
head  of  the  colon,  and  dimuiish  slightly  frotn  the  upiJcr  to  the  lower 
end  of  tlic  colon.  The  pancreatic  juice  destroys  many  of  the  toxic 
bacterial  products.  The  presence  of  the  bacilli  of  the  colon  group,  of 
streptococci,  etc..  do  not  often  set  up  any  inflammatory  condition  in  ihe 
normal  intestines  of  healthy  (lersons.  hi  children  suflering  from  the 
prostrating  effects  of  heat  they  iire  apt  to  excite  inflamniator>*  changes. 
Even  pathogenic  bwcteria,  such  as  the  typhoid,  dysentery,  and  tubercle 
bacilli,  may  pass  through  the  whole  lennfh  of  the  healthy  intestines 
witlioui  inciting  infliinimiitions.  Slight  h'siniiM,iid  (he  passage  of  bacteria 
to  the  deeper  structures. 

Importanea  of  Location  of  Point  of  Entry  of  Bacteria.  Most  bacteria 
cause  infection  only  when  they  gain  access  to  s|H'cial  tuymesand  must, 
therefore,  enter  through  certain  portals.  Tliis  fact  is  of  immense  impoi^ 
tance  in  the  transmission  or  preventi<tn  of  di-sease.  Thus,  for  example, 
let  IIS  nib  very  virulent  streptococci,  lAphoid  ba4-illi,  and  diphtlieria 
bacilli  into  an  abrasion  on  the  hand.   Th 
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lesion,  the  diphtheria  bac-ithis  tint  a  very  minute  infected  area,  but  the 
streptococcus  may  give  rise  to  n  severe  eelhilitis  or  fatal  septica-mia. 
Now  place  the  siitiie  bacteria  on  an  abrasion  iti  the  throat.  The 
typhoid  bacillus  is  again  harmless;  the  diphtheria  bacillus  pro«Iiices 
inflammation,  a  pscudomembrane,  and  toxiemia,  and  the  streptococcus 
causes  an  exudate,  an  abscess,  or  a  septicemia.  Finally,  introduce  the 
same  bacteria  into  the  intestines,  and  now  it  is  the  typhoid  bacillus 
fWhich  proiiuces  its  cliaracteriatic  lesions,  while  the  streptococcus  and 
iiphtheria  bacillus  are  usually  innocuous. 
If  we  tried  in  this  way  all  the  parasitic  bacteria  we  would  6nd  that 
;rlain  varjelie.s  are  eapalili-  uf  clevi-lopinp  and  lliereliy  exciting'  dis- 
only  on  the  mucous  membrane  of  tlie  throat,  others  of  the  intes- 
tine, others  of  the  urethra;  some  develop  only  in  the  connective  tissues 
or  in  the  blood,  while  others,  again,  under  favorable  conditious,  seem 
able  to  prow  in  or  u{)OU  nuwt  regions  of  the  body. 

The  DjfiaeminatiOD  ol  Disease. — 'Die  spread  of  infection  is  influenced 
by:    1.  'Ilie  numlwr  of  species  of  animals  subject  to  infection. 

Many  human  infectious  diseases  do  not  occur  in  animals,  ami  many 
animal  infection.^  are  not  found  in  man.  'Huis,  so  far  as  we  know, 
gonorrhwa.  syphilis,  measles,  smallpox,  Ivphoid  fever,  etc.,  do  not 
occur  in  animals  iinder  ordinary  conditions;  while  ttd]erculosis,  anthrax, 
gliders,  hydrophobia,  and  some  other  diseases  are  common  to  both 
lan  and  animals. 

2.  The  quantity  of  the  infectioas  material  and  the  manner  in  which 
is  thrown  off  from  the  bmly. 

In  diphtheria,  t_\-phoid  fever,  cholera,  pulmonary  tiil»erculosis,  septic 
endometritU,  influenza,  and  gonorrlnea  eiiorinons  mmibers  of  infec- 
>us  bacteria  are  cast  off  throupli  the  discharges  from  the  ninuth, 
ktestines,  and  genitourinary  seeretioiLS,  causing  great  danger  of  infec- 
"tion.      On  (he  oilier  hiind,  in  tul*erculou3  |ieritonitis,  relapsing'  fever, 
tic  pleui-isy  and  emlocanlitis,  gonorrhieal  rheumatism,  aud  the  like, 
jere  is  little  or  no  danger  of  infecting  others,  as  few  or  no  bactrrift  are 
It  off. 

Tlie  resistance  of  the  infectious  bacteria  to  the  deleterious  cfTecis 
"of  dr\-ing,  light,  heat.  etc. 

In  this  case  the  presence  or  absence  of  spores  is  of  the  greatest  inipor- 
ice.  The  spore-bearing  bacilli,  such  as  tetanus,  anthrax,  etc.,  being 
to  withstand  destruction  for  a  long  lime,  retain  their  power  of 
[ucing  infection  for  months  or  even  ycnnt  after  elimination  from 
body.  The  bacteria  which  fi>rm  no  spores  show  great  varialiou  in 
leir  resistance  to  oiiLside  influences.  .Some  of  these,  such  as  the  influ- 
enza bacilli  and  the  goucKOcci,  the  virus  of  syphilis  and  hydrophobia, 
are  extremely  sensitive;  the  pneumococci,  cholera  spirilla,  glanders 
bacilli,  etc..  are  a  little  harrlier;  then  follow  the  diphtheria   bacilli, 

and  tubercle   bacilli  aud  th( 
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The  abilitv  or  the  lack  of  abilitv  to  gi-ow  outside  of  the  infected 
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Such  bacteria  as  the  pneumocucciis,  tubercle,  inBuenza.  diplitheria, 
glanders,  and  leprosy  bacilli  do  not  develop,  as  far  as  we  know,  out- 
side of  the  body  under  ordinar}'  conditions.  I'ltder  exceptional  cirCTim- 
stancea,  as  in  milk,  some  may  rlevelop.  Others,  again,  nuch  as  the 
streptococcus  and  staphylococcus,  typhoid  and  anthrax  hacilliia,  the 
cholera  spirillum,  and  some  Kiiaerol>icx,  may  ilevolup  under  [>eculiar 
conditions  existing  in  w:iter  or  soil. 

While  for  the  patliogenie  Imrlrria,  as  a  rule,  the  saprophytes  met 
with  In  the  soil  and  water  are  antagonistic,  yet  in  some  cases — and 
especially  is  this  true  of  the  anai^robic  bacteria— they  are  helpful. 
Such  bacilli  as  tetanus  are  Ijelieved  to  require  the  association  of 
anaerobic  bacteria  to  permit  of  their  development  in  the  soil  in  tlic 
presence  of  oxygen. 

5.  Ability  to  develop  in  or  upon  some  portion  of  the  skin  or  mucous 
membrane,  either  after  or  before  (Hsense,  and  without  causing  infection. 
As  compli'te  a  knowledge  as  passible  of  this  saprophytic  devflnpuient  in 
roan  of  parasitic  bacteria  is  necessary  if  we  are  to  combat  the  spread 
of  infeclinn.  In  the  superficial  layers  of  the  epithelium  and  on  the  sur- 
face of  the  skin  we  find  the  different  pyogenic  cocci,  which  are  capable 
of  infecting  a  wounded  or  injtireil  part  or  causing  inllaninifttion  in  the 
glands.  Acne,  the  pustules  in  sniiiUpnx,  the  pus  on  a  burned  surface, 
boiU,  etc..  all  come  from  these  pyngetnc  cocci.  In  .surgical  cases  the 
skin  has  to  be  as  thoroughly  disinfected  as  possible,  to  prevent  the 
formation  of  stilch-hole  abscesses  and  woiuid  suppuration. 

In  the  secretion  of  the  mucous  membrane  covering  the  pharynx  and 
nasopharynx  there  Ls  always  an  abundunce  of  bacteria.  In  throats  ex- 
amined in  New  York  City,  strept(K'<K'ci.  sliiiiliylorocci,  and  pneunio- 
cocci  are  found  in  ainiast  every  iii.stance,  and  even  in  the  country  they 
are  often  present-  In  the  anterior  nares  there  are  fewer  parasitic 
bacteria  than  in  (he  {wsterior  portions.  The  nasal  secretion  is  only 
very  sliglitly,  if  at  all,  bactcrici'lal.  Many  other  varieties  of  bacteria, 
such  as  the  nieningncoc<i  and  (he  inllnenza  bacilli,  are  probably  often 
present  in  small  numbers.  In  tliose  constantly  in  cimtact  with  cases 
of  diphtheria,  and  in  those  convalescent  from  diphtheria,  rinilenl 
diphtheria  iNicilU  are  frequently  found  in  the  throat. 

After  exposure  to  cold  or  injury  of  any  kind,  owing  to  the  presence 
of  these  Imcterin,  the  [^lersoiis  tmrbrtring  tlietn  niuy  develop  tonsillitb, 
tonsillar  abscess,  or  diphtheria;  or  the  bacteria  may  invade  the  bron- 
chial mucous  membrane  or  tlie  lungs.  The  diplitheria  bacilli,  and 
perhaps  other  bacteria,  transmittetl  to  others  may  l)ecome  the  source 
of  infection  to  them,  thouph  the  i>erson  who  spreads  the  infection  may 
remain  unafTectefl. 

After  typhoid  fever  the  bacilli  may  remain  in  the  intestinal  con- 
tents for  weeks  and  in  the  bladder  and  gall-bladder  for  montlis. 

AutoiDfaction.--Soine  gtirxl  iil)ser%'ers  have  stated  tlint  Imeteria  can 
be  absorlH-d  Uirougb  the  intestinal  wall  into  llie  chyle  and  blood. 
Wlien  the  intestinal  canal  is  injured,  or  its  circulation  hintlered  by 
strangulation,  etc..  the    bacillus   coli    and    some   other  bacteria   may 
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penetrate  through  tlie  iiijiire<l  walls  and  cause  peritonitis  or  general 
nifertion.  Un<ler  eertiiin  conditions,  a.s  diiriiij;  tlie  dcliility  dnc  to  licit 
weather,  the  bacteria  in  (he  intestines  cause,  through  iheir  piXHlucts. 
irritation,  and  in  children  even  serious  intestinal  iuHainmation. 

The  kidneys,  bladder,  and  urethra  may  be  the  source  of  infection 
and  may  ^'ive  rue  to  disease.  Long  afier  an  acute  gonorrhcea  has 
passed  gonococci  may  remain  in  sufficient  nuin'^ers  lo  cause  a  new 
infiammatioii  or  produce  infection  in  others.  A  cystitis  may  run  on 
ehronically  for  years,  and  then  suddenly  become  acute  or  spread  infec- 
tion to  the  kidneys.  A  [HT-slstcnt  ponorrhieal  vaginal  infection  may 
lead  lo  a  gonorrlupal  endotnetritis,  or  salpingitis,  or  peritonitis,  under 
suitable  conditions,  llie  staphylococci  in  the  skin  and  the  colon 
bacilli  and  pyogenic  cocci  in  the  fecal  discharges  may  also  be  carried 
into  the  bladder  and  uterus  and  produce  septic  infection. 

Occasionally  the  casting  off  of  the  bacteria  allows  them  to  infect 
other  ]>laces.  as  in  .»!ome  cases  where  laryngeal  and  intesliintl  liil>er- 
culosts  foUow  pnlnionarv  tuberculosis.  AVe  must  bear  in  mind,  how- 
ever, that  infection  in  lln-se  n-gions  may  liave  been  prodticetl  thitiugh 
the  lymph-  and  blooil-channels. 

In  nearly  nil  eases  ni  infection  the  proihiets  of  hHcterial  growth  are 
al>surl>e4l  into  (he  blood,  and  along  wi(h  them  a  few  bacteria  also,  even 
when  they  do  not  reproduce  themselves  in  it.  The  gr<-a(cr  the  extent 
of  the  infection  and  the  more  deep  seated  it  ts,  the  greater  Ls  the  amount 
of  absorption.  The  bacteria  enter  the  blood,  according  to  Knjse,  by 
(1)  passive  entrance  through  tlie  stroniatn  of  the  capillary  walls;  (2) 
carnage  into  the  blood  in  (In-  bo<lii!us  of  Iciikocvics;  (3)  growth  of  the 
bacteria  through  the  wulLs  of  the  vessels;  (t)  transmission  of  the  bac- 
teria through  (lie  lymph  ghintls  placed  helwrcii  the  Ivniph-  and  blooil- 
vessels. 

When  baeteriji  are  nbuLidaii(  in  the  l)loo<i  they  become  fixed  in  the 
capillaries  of  one  or  all  of  the  orgatis,  especilly  of  the  liver,  kidnera, 
spleen,  and  lungs,  and  then,  by  means  of  the  leukocytes,  which  pene- 
trate the  capillar}'  walls,  or,  directly,  they  pass  into  the  tissues  and 
Aiibstanee  of  the  organs.  They  thus  reach  the  lymph  chauiieU  and 
glands,  or  through  the  secretions  gain  entrance  into  the  gidl-blndiler, 
saliva,  etc.,  or  press  thniugh  the  epithelium,  as  in  (he  alveoli  of  the 
lungs;  more  rarely  they  |miss  liirough  the  excre(ions  into  tlie  urine,  as 
in  typhoid  fever,  thougJi  some  detiy  thai  this  can  happen  unless  there 
is  a  previous  inflammation  of  the  kidnev.s. 

EUminatioa  of  Bacteria  throngb  the  Milk.— The  passage  of  bftcteria 
thnjugh  the  hrea.st  is  important,  from  the  fact  that  milk  is  so  largely 
used  sks  fotxi.  Many  obser\'ers  have  reportwl  the  finding  of  tubercle 
bacilli  in  milk  when  the  gland  itself  was  intact  and  the  animal  tnlier- 
cidnus.  Some  nnlliurilies  havi-  pot  its  preseiici-  in  milk,  under  thi-se 
cireiuasfances.  as  high  as  .W  per  cent,  of  the  ca.-^es.  This,  in  our  experi- 
ence, is  itndoubteilly  !oi>  high,  and  pmbably  these  oliservers  have  Ijeen 
deceive*!  by  the  pseudotuljercle  bacilli.  They  are  undoubtedly  present, 
however,  in  (he  milk  of  some  animals  in  which  tuberculous  disease  of 
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the  gland  coiiM  not  be  demonstrated.  ITie  finding  of  streptococci  and 
staphylococci  is  due  probably  in  the  majority  of  cases  to  the  infec- 
tions taking  place  as  the  milk  is  voided,  for  the  epithelium  at  the  outlet 
of  the  lacteal  ducts  is  always  infected  with  staphylococci,  and  usually 
streptococci,  which  have  often  been  received  from  the  mouth  of  the 
sucking  infant. 

Elimination  of  Bacteria  by  tiie  Skin  and  Mucona  MembraneB. — \\liether 
bacteria  pass  from  the  blood  by  the  sweat  is  a  mooted  point.  The 
skin  is  always  the  seat  of  the  staphylococcus  and  frequently  of  other 
bacteria,  so  that  it  is  difficult  to  determine  in  any  given  case  the 
origin  of  the  bacteria  found  in  the  sweat.  Many  observers  have 
reported  the  pa.ssage  of  bacteria  from  the  blood  through  the  mucous 
membrane.  So  long  as  the  organs  of  secretion  are  not  injured  it  is  not 
likely  that  many  micro-organisms  are  eliminated  from  the  blood  in 
this  w^ay.  Bacteria  are  sometimes  eliminated  through  the  urine,  but 
here,  as  a  rule,  when  great  numbers  of  organisms  are  found,  it  is  due  to 
development  in  the  bladder.  Such  removal,  moreover,  has  little  if  any 
beneficial  effect;  but,  on  the  other  hand,  it  may  be  a  source  of  danger 
to  others,  as  in  typhoid  fever.  The  removal  of  the  poisonous  products 
of  bacteria  by  the  kindeys,  intestines,  etc.,  on  the  contrary,  is  of  great 
advantage  to  the  organism. 


CHAPTER   XIV. 

THE  ANTACJONISM  EXISTING  BETWEEN  THE  LIVING  BODY 
AND  MICRO-ORGANISMS. 


That  certain  races  of  aniniRls  and  men,  and  certain  individuals 
among  these,  are  more  refracton-  to  iILsease  than  others  is  a  fact  which 
lias  long  been  known.  K\[K-riencc  and  ol>servation  have  taught  tis, 
further,  that  the  same  in^lividuals  are  at  one  time  more  resistant  to 
disease  than  at  another.  Tiiis  inhorn  or  spontaneons  refractory  con- 
rlition  to  an  infectious  disease  is  termed  natural  irnuiniiity,  in  contra- 
distinction to  that  ac(jiiircd  by  recovery  from  the  disease. 

In  hacteriji,  we  distinj^iish  lieiweeii   the  ability  to  produce  poison 
lod  the  power  to  multiply  in  the  body.     In  animals  and  the  higher 
plants   we   distinguish    between    immunity  to   poison  and  power  to 
tnliihit  the  development  of   bacteria. 

In  regard  to  variations  in  susceptibility,  certain  known  facts  have 
b<*n  accnmulatLMl.  Thus,  cold-lj!oo«lcd  animals  arc  geiiernlly  insuscep- 
tible to  infection  from  those  bacteria  which  produce  disease  in  wann- 
hloodcd  animals.  iMid  viccrtwiMfc  This  is  partly  explained  l»y  the  ina- 
bility of  the  bacteria  which  grow  at  the  temjKTature  of  warm-blooiied 
animals  to  Uirive  at  the  temperature  commonly  existing  in  cold-blooded 
animals.  But  differences  arc  ohser\'ed  not  only  between  warm-blooded 
and  cold-bloofled  animal.t,  but  also  lietween  the  several  race:!  of  warm- 
blooded animals.  The  anthrax  bacillus  is  very  itifectioiis  for  the  mouses 
ind  gtiiuea-j>ig.  while  Hie  rat  is  not  .susceptible  to  it  unless  its  body  ' 
resistance  is  reiiuced  l>y  disease  ami  the  anmunt  «if  infection  is  great:)  ^ 
llie  inability  of  the  micro-orgaiiisin  to  grow  in  the  boily  of  an  animal 
does  not  usually  Indicate,  however,  an  insusceptibility  lo  its  poison; 
thus,  for  inst^mce,  rabbits  arc  less  susceptible  than  dogs  to  the  effects 
of  the  poison  elaborated  by  the  pneumococci.  but  tliesc  bacteria  develop 
nnich  iH-tter  in  the  former  than  in  the  latter.  Differences  in  suscepti- 
bility are  sometimes  very  marked  among  different  varieties  of  the  same 
race  of  animals,  as,  for  instance,  between  different  kinrts  of  rat-t  and 
>ns  to  anthnix.  Lu  aaiiinatsrns  a  whohr.  it  is  uuiiccd  L'Sperimeiitally 
lungjjf  all  species  are  less  i-cslstaiit  jo  infection  tharrtlie  oTdfl» 
and  largt'jLOttcs.  ~ 

The  difficulty  experienced  by  the  large  majority  of  bacteria  in  devel- 
oping in  the  tissues  of  the  hcallhy  body  can  be  to  a  great  extent  removed 
by  any  cause  which  lowers  the  general  or  local  vitality  of  the  tissues. 
Among  the  causes  which  bring  about  such  lessened  resistance  of  the 
rbodyare  hunger  and  starvation,  bad  ventilation  and  heating,  exhaustion 
ffrom  overexertion,  ocposure  to  cold,  the  deleterious  effects  of  poisons, 
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Imcteriiil  ur  other,  acute  uiul  clironic  diseases,  Wciuiis  habltSi  drunken- 
ness, etc.  Purely  Wx'Jil  iiijiirips,  such  as  woumls,  contusions,  etc..  piw 
a  point  of  entrance  fur  infet'lion,  and  a  point  uf  less  resistance,  where 
the  bacteria  may  develop  and  produce  local  inflammation.  Local 
afTections,  such  as  endocarditis,  may  also  afford  an  area  of  lesseneil 
resistance  for  the  bacteria  tti  seize  u|M)n.  The  presence  of  forei^ 
liodies  in  the  tissues  in  like  nianner  pretlisposes  thent  To  I>acterial 
invasion.  Interference  with  free  circulation  of  Mofwl  atid  retention  in 
the  hody  of  poisonous  substances  which  should  be  eliminated  also  tend 
to  lessen  the  vitality.  In  these  and  other  similar  ways  animals  which 
are  otherwise  refracton"  may  acquire  a  susceptibility  to  ilisease. 

Increase  of  Resistance  by  Non-apeclfic  Means.^Just  as  alt  conditions 
wliich  are  deleterious  to  the  body  lessen  its  power  of  resistance  to 
bacterial  invasion,  so  all  cnnditioas  which  are  favorable  to  it  increue 
\\&  resistance,  ami  thus  aid  in  preventing  ainl  overcoming  infeclion. 
The  internal  use  of  iinti-septirs  against  bacteria  has  not  prove<l  success- 
ful, for  the  reason  that  an  amount  too  small  to  inhibit  Iwcterial  growth 
is  found  to  be  poisonous  to  the  tissue  cells.  The  efficacy  of  (piinine  in 
malaria  and  mercury  in  syphitb  is,  possibly,  an  exception  to  the  rule. 
but  in  both  cases  we  are  dealing  probably  with  animal  parasites,  not 
with  true  bucteria.  Such  sni)slances  as  nuclein  and  others  contained 
in  blco<l  serum,  when  intr<»iluced  into  the  boly  in  considerable  quan- 
tity, ai<l  somewhat  in  infiibiting  or  preventing  the  growth  of  nmny 
baicteria.  Kven  bouillon,  salt  solution,  and  small  amounts  of  urine 
have  a  slight  inhibitory  action.  The  hiLsteiiing  of  elimination  of  the 
1>acterial  [mjIsoils  by  free  intestinal  evaruiition  and  eiicoiiragement  of 
t!ie  functions  of  the  skin  and  kidneys  are  iilso  of  some  a%*ail.  The 
enzymes  formed  hx  certain  bacteria  have  l>een  found  to  exert  a  slight 
bactericidal  action  not  only  on  the  germs  which  have  directly  or  indi- 
rectly produce*!  them  in  the  biwiy.  but  also  on  other  varieties.  None 
of  these  enzymes  are  suHiciently  protective  to  be  of  practical  value  nor 
equal  in  power  to  the  protective  siibsrances  formed  by  the  tissues  from 
tlie  bacterial  producis. 

Uie  ol  Local  Trdatment  in  Limiting^  Bacterial  Invuion.— I'lte  total 
extiqialion  of  the  infci-twl  area  by  surgical  means,  if  thoroughly 
carried  out,  removes  the  Iwifteria  entirely;  but.  unfortunately,  this  pro- 
cedure is  rarely  possible.  When  iiicnniplete  it  is  frequently  helpful; 
but  it  may  l>e  harmful,  for  by  creating  tissue  injury  and  exposing  fresh 
wouiHled  surfaces  to  iiifecion  it  may  lead  to  the  further  development  of 
the  disease.  Again^  it  is  usually  insuthcient.  for  by  removing  only  a 
portion  of  the  bacteria  it  may  leave  those  which  have  already  readied 
the  deeper  tis-sues  or  IiUhmI  to  go  on  developing.  In  some  cases,  like 
anthrax  and  infection  from  biti>s  uf  rabid  animals,  total  or  almost  com- 
plete removal  of  the  virus  U  possible,  either  by  the  knife  or  ihotougb 
cauterization,  and  will  prevent  a  genend  infectiiin  or  mi  le.4.Hen  the  num- 
ber of  bacteria  in  the  IxmIv  as  to  allow  the  bactericidal  elements  of  its 
fluids  to  externdimte  them.  So  also  In  tctamis,  the  invasion  beinf; 
limited,  sui^cal  interference  may  be  of  great  use  by  removing  not  only 
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the  bacilli  themselves,  but  abo  thai  portion  of  their  poison  which  has 
not  as  yet  l>een  al.isoriKtl  frum  the  tis.iues.  Tlu"  hejit'ficial  effects  of 
opening  an  abscess,  incising  a.  cellulitis,  or  cleansing  and  drainage  of 
the  uterine  cavity  are  well  known.  The  retention  of  the  poisonous 
products  of  the  bacteria  leads  to  their  absorption,  ami  then  through 
their  combining  with  the  protective  substances  of  the  adjacent  fluids 
the  tone  of  the  neighboring,  and  to  a  less  extent  of  the  genernl,  tissues 
is  lowered.  Tliis  enables  the  bafteria  to  penetmte  into  ti.ssues  which 
would  otherwise  resist  them.  The  mechanical  effect  of  pressure  on 
the  walls  of  an  abscess  liy  its  contents  h1s<i  fliils  the  liacterud  progress. 
I>ocal  bleeding  and  the  application  of  cold  jirobably  act  by  lessening 
tension.  ITie  application  of  wurnith  incirascs  the  blooil  flow  to  the 
part,  and  so,  when  the  general  blotnl  supply  is  bactericidal,  as  it  often 
is,  it  acts  favorably  on  the  inflammation  by  destroying  the  bacteria. 
A  peculiar  etfect  of  operative  interference  is  noticeil  in  the  fre^juently 
oliserved  U-nefifial  renitlt  of  laparoloniy  in  tuberculous  gieritonitis. 

Antiseptic  solutions  have  the  power  of  cleansing  ami  rendering  sterile 
the  surfares  of  a  woiuiil^lhat  is.  of  preventing  the  introtluctiun  of 
infection.  After  infection  has  taken  place,  however,  it  is  doubtful 
whether  antiseptic  washing  has  much  more  direct  influence  than  simple 
cleimsiiig.  and  it  certainly  can  have  no  bactericidal  ettect  at  any  dis- 
tance from  the  surface,  either  direct  or  indirect.  Certain  infectious 
diseases  which  are  comparatively  superficial  are  probably  benefited 
by  anl).septic  solutions,  such  as  gonnrrhrea.  tliphtheria,  and  other 
inflammations  of  the  mucous  menibrnnes.  Rven  here,  however,  it  is 
impossible  to  ilo  more  than  disinfect  siiperficiuU}',  and  in  some  eases 
any  irritation  of  the  tissues  is  apt  to  do  more  harm  than  good.  In  the 
superficial  lesions  of  syphilis  and  tulxTcnlosis  the  Iwa!  use  of  antiseptics 
is  sometimes  of  great  value.  In  the.se  di-seases  the  irritant  ellects  of  the 
antiseptics  whieh  stimuhilc  the  tissues  may  aho  Ir*  benofirial. 

Specific  Immunity,  or  a  Condition  of  the  Body  which  Prevents  t2ie  Develop- 
meot  in  it  of  On»  Variety  ol  Micro-oriranisiiu  or  Readers  it  Unaffected 
by  Their  Bacterial  Poisons.— The  invasion  of  the  body  with  more  or  less 
serious  resull.s  by  ahrio.-it  cverv  micro-oi-gaiiism  is  f)illowe«l  by  a  condition 
which  for  a  variable  |>eriod  and  to  a  variable  degree  is  deleterious  to  its 
further  growdi.  It  also  nuiy  give  rise  to  substances  whieli  neutralize 
ihe  poisonous  effects  of  the  bai-terial  products.  Thb  specific  immunity 
may  take  place  in  various  ways: 

1.  Through  recovery  from  disease  naturally  contracted  or  fn>m 
infection  artificially  proihiced.  According  to  the  nature  of  the  invading 
micro-organism  this  immunity  may  be  slight,  as  after  recover)'  from 
erysipelas  or  pneumonia,  marked  for  a  .short  periorl  of  time,  as  in  diph- 
theria and  tvphoid  fever,  or  prolongwi.  as  after  scarlet  fever  or  sx-philis. 

2.  By  the  injection  of  micnwirganisms  attenuated  by  heat,  chemi- 
cals, or  other  means.  In  this  case  an  infection  of  the  animal  is  produced, 
of  moderate  se^'e^ity,  as  a  ride,  and  the  iinmunity  is  not  as  markeil  and 
lasting  as  after  recovery  from  a  more  serious  attack:  but  it  is,  never- 
theless, considerable.     The  inoculation  of  sheep  with  the  attenuated 
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anthrax  bBCilliis  aiiH  tlie  use  of  vncciiiatioii  in  man  are  exaiujiles  of 
thui  nietliod. 

3.  By  the  injection  of  the  organisms  into  tissues  where  development 
will  not  take  place,  as  the  injection  of  typhoid  bacilli  or  diolera  spirilla 
into  the  subcutaneous  tissues.  Here  the  solution  of  the  bacteria  with 
the  absorption  of  their  products  causes  a  mild  clicmical  poisoning,  with 
considerable  resulting  immunity. 

4.  By  the  injection  of  the  chemical  constituents  of  the  dead  trixiiea 
of  bacteria  and  of  the  chemical  products  which  they  elaborate  and 
dischai^e  into  the  surrounding  culture  metlia  during  their  life.  Mi-n 
as  mtU  an  animals  have  lieen  imniunized  by  the  injections  of  dead 
cultures  of  typhoid  ami  aiithitix  bacilli  and  cholera  spirilla,  etc.  A 
few  days  nfter  infection  with  most  panisitic  bacteria  the  botly  resistance 
to  the  ^owth  of  the  same  organism  is  greatly  increased;  in  other 
infections,  however,  it  is  but  slightly  augmented.  This  increased 
re.fistftuce  is  readi'y  sliowii  to  he  partly  due  to  protective  suKstances 
held  in  solution  in  tlie  blf;o«l-serum  and  partly  to  the  leukocytes. 

5.  By  the  injoclJon  of  the  blood  serum  of  uniinals  which  have  pre- 
viously passed  through  a  specific  disease  or  have  been  inoculated  with 
the  baderial  products.  The  (iral,  probably,  to  Ihink  of  (he  possibility 
of  effecting  this  wa.s  Kaynnud,  who  in  IS77  showed  tliat  the  injection 
of  large  ({uantilies  of  scrum  ilerived  from  h  vaiTinatcd  calf  Into  an 
animal  prevented  its  successful  vaccination.  Hi'ricourt,  liichet.  and 
others  demonstrated  the  same  thing  for  other  diseases.  'Ilie  results 
obtaine<l  by  Itehring  and  Kitasato  upon  diphtheria  and  tetanus,  where, 
indeed,  the  serum  prevented  the  action  of  ihe  poisons  rather  than  the 
direct  development  of  the  bacteria,  gave  a  still  greater  impetus  to  these 
investigations. 

Suitable  animals  after  rejieated  infections  gradually  accumulate  in 
their  bloiMl  cojisiderable  amounts  of  these  pnitcctivc  substances,  so 
that  very  small  amounts  of  scrum  inserte*l  in  nnothcr  animal  will  inhibit 
the  growth  of  the  bacteria  or  neutralize  their  pruilucts.  Thus,  O.I  c.c. 
of  a  serum  from  a  horse  frequently  infected  by  the  pncumococcus  will 
prevent  the  development  in  the  l>ody  of  a  rabbit  of  one  hundred  times 
the  fatal  dase  of  ver;  vinilent  pneumococci,  and  a  few  times  a  fatal 
dose  (if  less  virulent  ones,  ilie  actual  niimlier  as  well  as  ihe  viruleiu-e 
of  Ihe  bacteria  affecting  the  protective  value  of  the  serum. 

TIh-sc  prtitcctive  sitlistiitLCcs  art*  found  also  in  other  fluids  of  the  bixly 
than  in  the  blootl;  they  occur,  indeed,  In  the  sulislance  of  many  cells 
to  a  greater  or  less  extent. 

The  iininunily  produce*!  by  these  five  Tiieth^tds  affects  the  entire  body, 
as  is  natural,  since  the  blood  into  wliich  they  are  ab3orl>ed  b  dis- 
tributed evcr\-where.  When  the  immunity  is  hut  slight,  infection  may 
take  place  in  the  more  sensitive  regions,  and  still  be  impossible  in  those 
tissues  having'    more    natural    resi.«taii(re. 

Passive  aa  Gontrast«d  with  Active  Immunity. — If  the  senim  is  injected 
into  animals  or  man  the  immunity  is  greatest  immclJately  after  ab- 
sorption, and  then  declines,  lieing  rather  quickly  (in  several  weeks  or 
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months)  altnost  entirely  lost,  so  that  rejieated  injections  are  required 
to  maintain  the  immunity.  This  passive  iintiiiinity  is  ilistinctly  in 
conirjLst  (o  the  aclive  iuiTimnity  aci|nire(l  after  the  liilrt«l\n'tion  of 
bacterial  protlucts,  where  the  tissues  of  tlie  organism,  in  ways  to  us 
nnkuown,  throw  out,  in  response  to  the  l>ncterial  stiuiuUis,  inhibitory 
or  antitoxic  substances,  or  combine  with  the  baclerini  poisons  to 
protluce  them.  Here  iunnnnity  is  urlually  lesscueil  for  one  or  two 
days,  and  then  is  increased,  and  reaches  its  height  a  week  or  ten  days 
after  the  injection,  and  then  continues  for  a  week  or  two,  when 
it  slowly  declines  again.  The  iiimiutiily  prcxluoed  by  the  transfer 
of  serum  from  the  Immunizeil  (o  th«  non-imnniniwd  is  frequently 
cnlleti  passive  imimmity  and  the  itninunity  protlticeil  by  infection 
active  immunity. 

ProdactioD  ot  Antitoxin  for  Tberapeatic  Purposes.^If  a  greater 
quantity  i»f  protective  sultstance  tliau  b  requiivd  for  the  protection 
of  the  individual  is  desired  in  the  hl(HMl,  repeated  injections  of  living 
or  dead  bacteria  and  their  pnxhiets  arc  given,  the  doses  being  ad- 
ministered at  short  inler\'a[s,  and  in  sufficient  amount  to  prmluce  a 
slight  elevation  of  t«mpeniture  and  malaise.  After  several  months  of 
such  treatment  the  blood  is  withdrawn,  allowe<l  to  clot,  ami  the  sennn 
then  siphoned  off  asejitically  am!  stored  either  with  or  without  the  addi- 
tion of  preser^'fltives. 

Taating  of  Protective  Power  ol  Antibacterial  and  Antitoxic  Sers. — 
The  senim  is  testetl  by  mixing  it  with  a  certain  number  of  times 
the  fatal  dose  of  a  culture  or  its  toxins  whose  virulence  or  toxicity 
is  known,  and  then  injecting  this  under  the  skin,  in  the  vein,  or 
into  the  peritoneum,  according  to  the  nature  of  the  l»acteria  to  be 
testeil.  The  main  point  Is  that  some  definite  inethoil  he  carried  out 
hr  w'lich  the  relative  value  of  the  serum  can  be  judged  in  comparison 
with  other  serums.  .\s  a  rule,  the  value  Li  state<l  in  tlie  number  of 
fatal  tloses  of  culture  or  toxin  which  a  fractinti  of  a  cubic  centuueire  of 
serum  will  prcveiit  from  destroying  the  animal.  Tt  is  well  to  remember 
tliat  with  a  living  gi-rni  a  multiple  of  a  fatal  dose  is  not  as  much  more 
severe  than  a  single  dose  as  the  Bgure  would  suggest.  One  tliousand 
timc-s  a  fatal  dose  of  a  very  virulent  micro-organism  will  l>e  neutralized 
I»y  .several  times  the  amount  of  serum  which  a  single  fatal  dose  n^quires, 
since  in  the  case  of  ven.' viiulent  living  bacteria,  whose  vinilence  is  due 
to  their  ability  to  increase,  it  is  not  the  organisms  wliich  are  introduceti 
that  kill,  but  the  millions  that  ilevelop  from  them. 

Limitation  of  Curative  Power  of  Serums. — As  a  rule,  the  serum  has  tn 
be  given  Iwforc  (lie  bacterta  iTitmduced  into  the  brnly  have  multiplied 
greatly.  After  that  jjeriod  has  elapsetl  the  serum  usually  faib  to  act. 
This  is  due  to  the  fact  that  bactericidal  power  in  scnuu  is  due  to 
the  combined  effect  of  two  substances,  one  only  l)eing  containwl  in  the 
injecte<i  serum,  'llie  serum  loses  all  appreciable  protective  value  as 
niraaure^l  in  test  animals  in  the  usual  doses  l>efore  tlie  person  is 
liable  to  infection.  Ke|>ealed  injections  of  serum  continue  this  con- 
dition of  immunitv  indefiTiiielv. 
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Practical  Value  of  Injsctions  of  Bactericidal  S«ra. — The  use  of  serums 
having  speciiic  protective  propertje.s  has  been  irJeil  pmctically  on  a  larpe 
soak*  ill  mail  as  a  juvvenlive  of  infection.  In  sust-eplilile  animals 
injections  of  some  of  (he  very  virulent  bacteria,  as  pneumtK-owi, 
streptocooci,  typhoiii  liarilli,  and  oliulern  spirilla,  can  Iw  roLil>e<J  of  hII 
dan^r  if  siniill  doses  of  their  resijective  serums  are  given  liefore  the 
Wcteria  have  increuseil  to  any  gi-eat  extent  in  the  body.  If  jjivtn 
later  they  are  ineffective.  For  some  bacteria,  such  as  tubercle  bacilli,  no 
serum  has  been  obtained  of  sulKcient  power  to  surely  prevent  infection. 
Through  bactericidal  serums,  tlierefore,  we  can  iinnninize  agaiiust  no 
infection,  and  even  stop  one  just  commeiioing;  but  as  yet  we  cannot 
cure  an  infection  which  is  already  fidly  <Ievplope<l,  (hough  even  here 
there  is  nvusori  In  believe  tlmt  wc  may  jHwsibly  prevent  »n  itiva.sinn  of 
the  general  system  from  a  <liseased  organ,  as  by  the  pneuniococcus  from 
an  infected  hiiig  in  pneumonia.  On  the  whole,  the  serums  which 
simply  inhibit  tlie  growth  of  bacteria  have  not  given,  as  olserved  in 
practice,  concUi si ve  evidence  of  great  value  in  already  developed  dbease. 
Thi.s  ty]>e  cjf  serum  loses  nuich  of  its  bactericidal  properties  quickly 
and  slionid  not  be  used  when  kept  for  more  than  a  few  ^veeks. 

Development  of  Antitorins  tog'etber  with  Bactericidal  Snbataaces. — 
Attlmugh  the  serum  of  animals  which  have  been  iiifecled  will)  anv  on* 
of  manv  varieties  of  bacteria  is  usuully  both  antitoxic  and  bactericidal. 
Still  one  form  of  these  protective  substiinces  Is  usually  pnatrnt  ahm>st 
alone;  thus  antitoxic  substances  are  present  ahnost  exclusively  in  animals 
injected  with  two  species  of  bacteria  which  produce  powerful  specific 
poUons— viz.,  the  bacilli  of  diphtheria  anrl  tetjinus.  When  the  toxins 
of  either  of  these  are  injected  in  small  amoimts  the  animals  after  rimi- 
plete  recover)'  are  able  to  liear  a  larger  dose  without  deleterious  effects, 
and  these  dase-s  in  the  more  .suitable  animals  can  lie  gradually  increased 
until  a  thousand  times  a  previously  fatal  dose  may  be  administered 
wilbiiut  any  serious  results  whatever.  To  llrhriug  and  Kita.SHtti  we 
owe  (he  discoven,'  that  this  protecting  substance  accunmlates  to  such 
an  extent  in  the  bhuid  that  very  small  amounts  of  serum  are  siifTicient 
to  protect  ottier  animals  from  the  elTects  of  the  true  extracellular  toxins. 
Except  thediphtlieria  and  tetanus  bacilli  a  few  oidyof  the  important 
parasitic  bacteria  attacking  man  profhice  these  toxins  and  thus  l)ecome 
capable  of  causing  the  prodtirlinn  in  the  body  of  antitoxins,  and  even 
these  do  it  to  a  far  less  exttMit  than  those  of  tetainis  ami  diphtheria. 
Following  ihrnj  is  the  plague  bacillus,  ami  then  the  cholera  spirilla, 
the  typhoid  bacilli,  the  strt-ptucncci,  etc.  These  latter  bacteria  when 
injected  excite  more  of  the  sulxstances  which  inhibit  bacterial  growUi 
than  of  lliosc  whicli  ncutraliw  their  toxins. 

Antitoxin  a  Preventive. — Antitoxin  prevents  the  poisonous  action  of 
toxin.  It  does  not  restore  the  cells  after  they  have  been  injured  by 
the  toxin;  it  is.  therefore,  like  the  bactericidal  subslanics.  a  preventive 
rather  than  a  cure.  We  find,  exijerimcntally.  that  a  verj-  much  smaller 
amount  of  antitoxin  will  neutralize  a  fatal  <tosc  of  toxin  in  an  animal, 
if  given  before  or  at  the  same  time,  than  if  given  only  shortly  after  it. 
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An  aiiitnal  iilreadv  profoiinilly  ]Mii.s(>iic<l  l)y  the  tox!n  is  itnanTerted  by 
anv  aiiiounl  nf  antitoxin. 

Duration  of  Immonity.— ^The  milituxiiis  of  dipbthcria  and  tetanus 
are  gradually  eliminated  from  the  body  after  their  injection  i)r  jifter 
their  prwhiction  fi^m  toxin  injeelions.  After  the  usual  immunizing 
dose  the  duration  of  immunity  is  only  from  two  to  six  weeks,  the 
perio<l  fiitferin^'  in  each  individual.  Th"'  pliriintilion  of  the  antitoxin 
takes  jilaee  purtiv  throntrh  the  nrine  unil  other  .sei-.relions,  ami  it  is 
partiv  destroyed  in  the  liody.  An  animal  whieh  ha-s  l>een  highly  im- 
munized will  retain  ronsitji-rnhle  nnmnnts  of  sinlitoxin  f»jr  from  two  to 
four  months. 

Stability  ol  Antitoxins, — The  diilerent  nntitoxins  vary  as  (o  their 
stability  thus:  that  of  diphthiTia  is  somewhat  more  stahlc  than  that 
of  tetanus.  Kept  aseptieally  in  cold  ami  dark  storage,  and  pniteeled 
from  access  of  air,  the  more  resistant  antitoxin.*  may  be  preserved 
sometimes  for  a  year  or  two  with  wry  little  deterioration  in  strength. 
At  nlhrr  times,  however,  from  iinkitown  causes,  they  are  gnuluidly  de- 
stroyed, so  that  there  may  be  a  lass  of  about  10  per  cent,  per  month. 
A  senim  requires,  llierefore,  to  be  tested  everj-  few  months  if  we  wish 
to  he  assure*]  of  its  strength  in  antitn.\iu.  Preser\*alives,  such  as  ear- 
Ixilic  acid,  trikresol,  etc.,  alter  antilo.xiiis  only  very  slightly  wJicn  in 
dilute  solution,  but  in  strong  solution  they  partially  destroy  them.  lieat 
uj)  to  62*  C  does  not  injure  thera  greatly,  but  higher  temperatures 
alter  them. 

Method  of  Administration, — .Antitoxins  and  bacterieidal  substances 
are  jibs<jrl>e*i  to  a  very  slight  extent  only  when  taken  by  the  mouth — 
certainly  le.ss  than  1  per  cent.  'I'hey  nnisl,  therefore,  lie  introilucwl 
stibeuliineuusly  or  intra venoitsly  to  enter  the  hotly.  The  antitoxic 
serum  does  not  act  against  the  bHCteriii  du-eetly,  but,  by  neutralizing 
their  poisons,  it  prevents  them  from  acting  as  irritants  to  the  cells, 
and  s<>  the  soil  for  the  growth  of  the  bacteria  In.'comes  unsuitable, 
and  they  cease  to  develop. 
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CHAPTER     XV. 

NATURE  OP  THE   PROTEOTIVE    UKFENCES  OF   THE   BODY  AND 

THEIR  MANNER  (IF  ACTION—EHRLICH'S 

"SIDE  CHALV"  THEORY. 


TiiK  fluids  and  tissues  of  the  animal  body  under  the  nonnal  ci 
tions  of  life  are,  as  we  liavc  seen,  not  only  unsuitable  for  the  growth  of  ^^ 
the  great  majority  of  the  varieties  of  bacteria,  but  even  bactericidal  to  ^^| 
the  living  or^rauisras  and  antitoxic  to  their  poifious.  " 

III  seekiuf^  to  account   for  the  l»aclerit:idal    property  of  the  blood, 
which  to  a  greater  or  less  extent  affects  all  bacteria,  we  cannot  find  it 
either  in  the  insufficient  or  excessive  concentration  of  the  nutritive  suIh 
stances,  nor  in  the  temperature,  nor  in  tlie  reaction;  for  altliougli  some 
of  these  conditions  mav  be  unsuitable  for  some  bacteria,  thev  are  all 
suitable  for  many,  and  thus  cairnot  f;niistitulc  the  fundamentAl  explana- 
tion of  either  natural  or  aci-juiretl  immunity.     We  are  thus  driven  to 
the  conclusion  that  the  body  fluids  and  cells  contain  substances  which 
are  deleterious  to  most  or  all  of  the  bacteria.    As  to  the  ori^  of  these 
sut>staiice3,  we  may  conceive  that  they  may  be  either  regularly  produced 
by  certain  tj-pes  of  the  many  varieties  of  body  cells,  or  that  they  may  only       i, 
Ik-  prntiiiced  when  bacteria  nr  other  forei;;n  relU  or  tlieir  substance  ^| 
invades  the  body.    When  formed  we  can  conceive  that  they  mav  remain  ^ 
unaltered  in  the  fluids  for  a  long  perioii  of  tinie  or  1^  quickly  ehniinated 
or  destroyed. 

Bactericidal  FropertioB  of  the  Blood. — The  bactericidal  effect  upon  most 
bacteria  of  the  blood  serum,  noted  by  Nuttall  in  18SIS,  is  now  undis- 
puted, and  is  readily  shown  by  the  fact  that  moderate  numbers  of 
bacteria  whcu  inoculated  into  freshly  drawn  blood  usually  soon  die,  and 
this  destruction  may  be  so  rapid  that  in  a  few  hours  none  of  millions 
remain  alive.  Kven  when  some  of  the  bat'leria  survive  there  is  for  a 
time  a  decrease  in  the  number  living.  That  this  effect  of  the  blood  is  due 
to  substances  in  the  serum,  and  not  due  to  senmi  as  such,  can  be  proven 
by  the  fact  that  not  only  by  injecting  bacteria  into  the  blood  and  peri- 
toneal cavity,  but  also  wlien  the  bacteria,  are  placed  in  the  animal  Inxly 
after  being  encloseii  in  capsules  or  into  serum  containeil  in  test-tiil)es, 
the  tmcteria  an*  killtil  even  if  tliey  have  previously  grown  outside  the 
body  in  inactive  blow]  serum.  Bacteria  have  also  been  injected  into 
a  \'ein  cflrehdly  ligated  above  and  below,  and  here,  without  coagida- 
tion.  the  blood  exerts  bactericidal  pro[)erties.  The  germicidal  effect  of 
any  sample  of  blood  serum  on  different  varieties  of  bacteria  is  unequal 
and  can  be  watched  outside  of  the  body.  Here  mixed  with  it  some 
species  of  bacteria  ilie  quickly,  and  .some  lose  only  a  portion  of  their 
number,  those  remaining  alive  after  a  time  rapidly  increasing.     TTie 
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ouml)er  of  bacteria  iiitro<Iiic»l  is  of  great  importance,  for  the  serum 
with  its  contained  substances  is  capable  of  destroying  only  a  certain 
number,  and  after  ihiit  loses  its  Imctcriciilal  properties. 
Thus  the  following  test  was  carried  out: 

AiitHtiiimMlv  iiuwlivr  ftUve  after  bcliif  k^vi  at  XT*  C. 


No.  ortWCUTlK 

Amount  of 



In  1  e.a.  Hold. 

■amm  added, 

Ornt  liiiur. 

Two  hour*. 

Twaiity-ocvei)  ttourt. 

iQjogo 

0.1  c.«. 

400 

3 

0 

100,000 

0.1  CO. 

^000 

:.oi» 

»0v000 

1.000.000 

0.1  c.c. 

4cn.oua 

2,OOU,Oilw 

lO.OOO.OOO 

After  the  proof  given  by  Pasteur  and  bis  pupils  as  to  the  existence 
of  acquired  immunity,  attempt.*!  to  explain  it  were  made.  Pasteur  for- 
mulated his  exhaustion  theory,  in  which  an  analog^'  \va.s  drawn  lietween 
an  infection  in  &  living  animul  and  the  exhaustion  of  food  in  a  culture 
meilin  by  the  growth  of  a  bacterium.  The  kno^\  ledge  that  itijectiuns 
of  toxins  or  bacterial  protoplasm  was  followed  by  the  production  of 
nnttlxidies  disproved  his  theory  iu  the  sense  he  understood  it,  but 
Ehrlich's  theory  of  the  necessity  of  suitable  cell  receptors  to  allow  of 
union  of  p*)ison  to  cell  suggests  the  possibility  that  natund  imnundty 
is  sonictinies  due  to  the  lack  of  suitable  receptors  or  sen.sitive  sul>- 
stances. 

Chauveau.  like  Pasteur,  starting  from  facts  observe*!  in  a  culture. 
considere<l  that  acipiired  imnninity  was  due  to  substances  retained 
io  the  body  after  recovery  from  an  infection  which  were  noxious  1o 
bacteria.  Hen^,  again,  later  information  has  changed  the  ex|»lanation, 
so  that  wc  know  that  it  is  not  substances  left  by  bacteria,  but  delete- 
rious sulatances  produced  by  the  body  cells  through  the  stimulus  of 
the  bacterial  products. 

During  these  earlier  years  Metclmiknlf  perceived  that  the  infected 
host  was  too  little  considered,  and  he  drew  attention  to  tlie  role  of  the 
leukocytes.  His  original  theorj-  of  iramunitj'  is  baaed  on  the  obser^-a^ 
tiou.s  that  leukocytes  frequently  take  up  bacteria  injected  into  the  blood. 
Metchnikoff  held  that  the  vims  Wiis  destroyed  in  the  interior  of  certain 
ntesMlennic  ci'lls  by  a  prtHT.ss  i)f  digi\stioii. 

At  the  same  time  that  this  theory  was  Vn-ing  developed  another  was 
gradually  being  evolved.  It  was  noticed  tliat  tlie  bacteria  injected  into 
blood  aud  tissues  disappeared.  Nuttall  showed  that  bacteria  are 
Estroyed  in  cell-free  serum  but  that  tliis  pro|>crty  of  the  serum  is 
dcstroyetl  by  heating  it  at  hfV^  ('.  IJuchner  made  many  experiments, 
and  finally  elaborated  his  alexin  theory  of  immunity.  He  showefl  that 
bacteria  absorbed  these  bacteriridal  substances.  Later,  Itordet,  Ehrlieh, 
and  others  estat»lished  that  the  alexin  of  Hnchner  was  n>ally  a  uiixtni"e 
of  two  substances  of  which  one,  named  "  immune  body,"  is  developed 
■s  the  result  of  the  injection  of  foreign  cell  substance  and  Is  resistant 
to  heat,  and  the  other,  named  "complement,"  is  present  in  the  blood 
of  normal  animals,  is  not  increased  by  injection,  and  is  \mstable. 
Neither  one  of  these  substances  alone  destroy  bacteria,  while  together 
they  do.  Elirtich  pointed  out  the  similarity  of  complements  to  the  true 
toxins,  such  as  those  produc-ed  by  the  diphtheria  and  tetanus  bacilli. 
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Duriii)|r  the  iuvesti^atiunis  on  the  hacterictiJHl  subslances  of  the  lilood 
the  discQven'  of  tlie  Bntltoxiius  was  made  by  Behriiig  and  Kllaauto,  and 
the  naiure  of  toxins  was  investifrated  by  Roux.  Ehrlich,  and  otht-rs. 

Ehrlich'a  Theoriaa.— Klirlieh's  researches  l«l  lo  the  deveiopiiiciit  of 
his  theorie^i  on  iniiiuuiity  which  have  had  a  powerful  inHiien(e  upon 
all  latrr  lnvestigiittons  in  this  field,  tils  pupil  and  colleague,  Wasscr- 
Tuann,  explains  them  in  the  following  words: 

Ehrlich  began  by  observing  that  of  the  many  poisonous  substant 
kuowu  Ui  ns  uidy  a  cuinparHtivfly  snudl  iiunilM-r  i-xistei!  against  wliiehj 
we  coidd  Inily  imniunize^i.  c,  obtain  si>pcific  antiboilies  tn  the  bUNid' 
senuu  of  Ihe  luirauuizcd  organism.  Let  u:>  luok  at  two  poisons  which 
are  verj'  similar  in  tbeir  physiological  action,  for  example,  strychnine 
and  tetanus  poison,  both  of  which  excite  s|>a.sms  through  the  central 
iienoiis  sy.steni.  It  is  really  curious  that  the  injection  of  one,  atrjch- 
nine.  produces  no  antiho«ly  whatever  in  ihe  serum,  while  the  injection 
of  Ihe  other,  the  tetanus  poison,  causes  the  formation  of  the  specific 
tetanus  antitoxin.  Khrlich  sa)'s  that  this  is  because  these  substanreflifl 
enter  into  entirely  different  relations  with  the  cells  of  the  Ii\'tng  orpan-^ 
ism.  The  one  substance,  strychnine,  merely  enters  into  a  loose  com- 
bination with  the  celb  of  the  central  nervtuis  system,  so  thai  it  can  again 
be  abstracted  from  these  cells  by  all  kinds  of  solvents — e.  g..  by  sluiking 
with  ether  or  chloroform.  The  combination,  therefore,  is  a  kind  of 
solid  solution,  such  as  has  l>een  shown  for  the  staining  with  aniline 
dyes.  The  tetanus  poLson.  on  the  eimtrarj-,  Khrlich  say.s.  is  firmly 
bound  lu  the  cell;  It  enters  tin-  cell  it.self,  lieconiing  a  cheinical  part  of 
the  same,  so  that  it  cunnol  again  l>e  alistracied  from  liie  cell  by  solvent 
agents.  He  conipuiws  this  process  to  tlie  assimilation  of  nutrient  sub- 
stances. Hence  the  diil'ercnce  between  these  two  sul>stances  coidd  be 
likened  to  that  between  saccharin  and  sugar.  Both  substances  tasle 
sweet,  but,  despite  this  similarity  in  one  of  their  physiological  actions, 
tliey  behave  very  differently  toward  the  cells  of  the  oi^nisra.  Sac- 
charin simply  passes  tlu*ough  the  organism  without  entering  into  a 
firm  conibinnli<m — i.e.,  without  being  assimilate<l — and  is  lher<*fore 
no  food.  Its  sweetening  actifni  Is  due  to  a  mere  contact  effect  on  the 
cells  sensitive  lo  taste.  .Sugar,  on  the  rontrury,  is  actually  liound  by 
the  cells,  assimilated  and  burnt,  so  that  it  is  a  true  food.  Ehrlich  3ays^ 
that  (he  first  retjuirement  for  everj'  substance  against  which  we  cai^H 
obtain  a  specific  scrum  must  Ijc  its  power  to  enter  into  such  a  combina- 
tion with  certain  particular  cells  in  the  living  organism.  The  substance 
must  possess  a  definite  chemical  aflinity  for  certain  parts  of  the  organi^zn. 
Hence,  in  each  substance  against  which  we  can  specifically  immunize, 
Khrlich  assumes  a  group  of  atoms  which  effects  the  specific  binding 
to  certain  cells,  the  hni^npfntre  (frnHp  (Fig.  fi7,  F).  Corresponding  to  this 
is  a  group  in  the  wll  of  the  living  organism  (.\  the  recrjttor  group,  with 
which  the  huptoplmre  group  combines.  The  latter  is  entirely  distinct 
from  that  (wirt  of  the  sidistance  which  exerts  the  physinli^ical  or  path- 
olngical  effect,  in  toxins,  for  exam]>le.  from  the  group  which  is  tlie  car- 
rier of  the  poisonous  action,  the  so-called  toxophare  grmip  E,  or  in  fer- 
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niente,  from  the  group  which  exerte  t}ie  ferment  action,  the  zymophore 
group.  Both  grtitips,  huptopliure  and  Fuuctloiml,  art*  itiiU-peudent  of 
each  other,  ami  their  separate  presence  can  easily  I)e  demonstrated 
because  Uic  functional  jrroup— ^c.  g.,  in  poisonous  toxins  the  toxophore 
group — is  more  readily  destroyed  by  heat  than  the  haptophore  jiroup. 
ITiMS  by  heating  a  toxin  for  some  time  to  (10°  1«  (j')°  C  sul)stance3 
wilt  be  obtaineil  which  are  no  lon^r  poisonous,  hut  whieh  still  possess 
the  binding,  haptophore.  group.  In  the  case  of  toxins  snch  snlwtAnces 
•re  callwl  toxoiih.  Khrlich  further  stated  that  tlie  finer  mechanism  of 
the  fonnation  of  s|)ecific  .siihstaiitrs  was  lliis:  that  The  haptophore 
group  was  Ixnmd  to  the  receptor  of  the  linng  nrganism  owing  tn  a 
specific  affinity.  .\s  a  result  of  this  the  receptor  is  lost  to  the  living 
orgHnism,  disposed  of,  and  a  biologiriil  law  fonnulated  by  Weigert 
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now  comes  inti>  action,  the  law  of  .su]ierconipensation;  that  is,  the 
organism  seeks  to  replace  this  clefet-t,  hut  in  doing  sg  not  mertdy  replaces 
the  receptors  in  question,  but,  according  to  Weigert,  priKhices  more 
of  thern  than  were  previounly  present  i  Fig.  OiS.).  The  coiulitions  are 
somewhat  like  those  seen  in  liic  cnlhis  after  a  fracture,  in  which  the 
organi^m  likewise  does  nut  pi-<MWice  just  the  auiount  of  bone  previously 
present;  there  is  always  an  overproduction. 

In  this  way.  Khrlich  says,  such  a  large  iuunl>er  of  one  tyjx*  of  receptors 
are  produced  hy  the  organism  that  these  l>ecome  too  ranch  for  the 
same:  they  are  then  thrust  off  into  the  hloo<l.  and  these  free  receptors 
eircidating  in  tlie  blocul  eouslitute  the  speeilic  antiborlies.  FJiHich 
therefore  Iwlieves  thai  the  specific  an(ib(KlifS  in  the  serum  are  nothing 
else  than  receptors  for  whicli  the  substance  employed  in  Immunization 
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possesses  specific  nflinity.  Hence,  the  same  substance  which,  so  long 
as  it  remains  in  the  organ,  attracts  Uie  toxin  and  makes  it  possible  for 
that  to  exert  its  poisonous  action  on  the  organ,  this  same  substance 
acts  as  a  protection  when  it  circulates  outside  of  the  organ;  for  then  it 
satisfies  the  affinity  of  the  poison's  hnptophore  group  while  still  in  tlie 
blotx],  preventing  the  poison  molecule  from  acting  on  the  organ  itself. 
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Gni|4ilr.  rvpn^rnUktlon  ol  Khrllchli  i)Lef>ry  of  Lb«  prudnoilon  oT  MiUtozln  nod  ibe  ncBUkUnaoD 
of  UMla:  D.  (llphltkcrtt  loxla  luolcculv;  z,  toxiifboie  Ktoiu  croup:  y,  bftplopluiN  Of  conbloLat 
grmtp;  A,  rcll  rcucplnr*  wlth«.tSnlly  fnr  dlphlhcrlit  tnxln  ;  e,  other  uell  recepum. 

1.  C«U  irllh  it*  Tvcepton.   Outside  uiToeii,  rr«o  to&tii  Bnol««nlM.  . 

2.  Toiln  moIecul«i  oomUnoil  with  tlt«  (wll  recKptcm  twvlns  «l!flnti]r  ftir  dlpbUi«ri*  tAxln.  I 
S.  AAkv  ttm*  <Uri.  sbowluK  uul  Up  II  cm  I  Ion  of  cell  reccplonatmlUr  toitiOM  MiaUnCil  wl  lb  loxla. 
4.  After  ftninUys.ozoewor  rooaphire  cut  i>ir  In  Um!  ttlond. 

i.  Toxin  nwlecalo  neiitnilrart  ty  comblninji  wlih  fit«  retvpion  in  blood  or  (inmanii«d  «nini«I 
or  In  Ml  knlniAl  Into  vrfaich  liltxid  wlUi  Inv  tvCtfAon  luul  Iwcii  intiuroiTCd. 


In  the  furinalion  of  the  sfHrcific  autibodies  we  must  therefore  dis- 
tinguish three  stages  i  Fig,  (VSf : 

i'he  binding  of  the  luiptophore  group  to  the  receptor  (2). 

Tlie  increase*!  production  of  the  receptors  following  this  binding  (3). 

'ITie  thnisting  off  of  these  increased  receptors  into  the  blood  (4). 

A  considerable  part  of  Khrlit'li's  theories  upon  toxins  and  antitoxins 
have  Ijeen  coiifiniiec]  ex[)erii!ientally;  for  example,  the  presence  of  the 
separate  loxophorc  and  hajrtopliore  groups  and  the  existence  of  atom- 
groups  with  si>ecific  binding  properties  in  all  sulatances  with  which  we 
can  immunize. 


NATURE  OF  THE  PROTECTIVE  DEFENCES  OF  THE  BODY    167 

Up  to  the  present  time  tlie  mechanism  of  the  increased  production  of 
receptors  following  the  .binding  of  the  hiiptoplmre  group  to  the  recep- 
tor lias  not  been  exjieritnentallv  proven.  Wassermann.  howewr, 
believes  that  he  and  Bmck  have  now  I>een  sm-cessfnl  in  this.  Although 
I  I'onsiiler  his  interpn'lation  as  most  Interesting,  yet  both  this  and  the 
reasoning  from  it  are  far  from  proven. 

They  eiuployetl  a  tetanus  poison  kept  since  1896.  This  poison  was 
originally  very  toxic.  In  the  course  of  years,  however,  owing  to  the 
<lan)aging  influence  of  (his  long  standing,  tliat  is,  owing  to  the  action 
of  light,  the  oxjgen  of  the  air,  eU-.,  it  barl  liecomc  so  weak  that  it  was 
u«>  longer  toxic  at  all.  Tliey  were  able  to  give  a  guinea-pig  1  c.c.  with- 
out proihiciiig  tetanus.  Nevertheless,  haptophore  groups  had  re- 
mained intact,  as  could  readily  be  proved,  for  this  non-poisonous  tetanus 
toxin  was  still  able  to  bind  tetanus  antitoxin- -i.  c,  thrust-off  receptors. 
V\lieu  they  injected  rabbits  with  this  non-poisonous  tetanus  toxoid  in 
increasing  doses,  and  then  examined  the  blood  .serum  of  the  aninial, 
they  foun<l  noi  a  trace  of  tetania  aniitoxin.  They  considered  the  absence 
of  antitoxin  in  this  experiment  conhl  have  either  of  two  causes: 

1.  It  might  l>e  that  the  toxoid  no  longer  produce*!  any  physiological 
effect  whatever  in  the  orgaiii.sm;  or 

2.  .-Vllhongh  it  still  caused  an  increase  in  the  receptors  in  the  cells, 
these  increased  receptors  remained  in  them,  and  were  not  thrust  off 
into  the  blood. 

In  order  to  decide  thU  question  they  first  determined  as  nearly  as  pos- 
sible the  exact  quantitj"  of  fresh  tetanus  toxin  which  constituted  a  fatal 
dose  for  guinea-pigs  of  a  definite  size.  If.  now,  the  action  of  the  tetanus 
toxoid  was  such  that  in  the  living  organism  it  was  not.  bound  to  the 
receptors,  it  shou)<]  be  possible  to  prove  tins  experimentally. 

Their  line  of  reasoiung  was  as  follows:  AVeie  they  to  injecl  first  the 
toxoid,  anil  shortly  after,  say,  in  one  to  two  hours,  the  fresh  tojrin,  they 
wouhl  in  such  an  auinial  have  to  increase  the  fatal  duse — i.e.,  they 
would  require  more  tetnnus  toxin  to  kill  this  animal  than  an  untreated 
one,  because  owing  to  the  previous  ti>.xoid  injection  the  most  sus- 
ceptible cell  receptors  ha^l  already  been  occupied.  I'rovided  Ehrlich's 
theory  was  correct,  so  that  this  binding  of  the  toxoid  really  occurred, 
the  conditions  should  be  entirely  different  when,  in.stead  of  injecting 
the  toxin  .shortly  after  the  toxoid,  they  waited  somewhat  longer,  one 
to  three  days,  anil  then  injectetl  tlie  fresh  tetanus  toxin.  For  in  that 
case  Welgert's  law  should  i-onip  into  plav  and  the  receptors  liave  com- 
menced to  increase  in  numbers — i.e..  the  organ  would  now  possess 
more  sensitive  groups  tliau  before.  Tliis  would  have  to  manifest  itself 
in  such  fashion  that  in  contrast  to  the  first  experiment  the  fatal  dose 
of  fresh  tetanus  toxin  could  uov:  he  decrcase<l;  in  other  \vords,  a  small 
dose  woultl  now  tetanize  the  animal  in  a  shorter  time. 

A.S  a  matter  of  fact,  the  experiments  vieldwl  results  which  were 
exactly  like  those  deduced  theoretically  as  jiLst  descril>eil.  They  in- 
jecteii  a  guinea-pig  with  some  of  the  non-poisonous  toxoiil,  and  then, 
one  hour  later,  with  the  tetanus  toxin.    Thev  foumi  that  much  more 
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toxin  was  required  to  kill  tins  uiiiinitl  ihiui  u  normal  gtiinea-pif;  of 
equal  size.  If,  on  the  cmitmry,  they  waited  one  to  three  days,  it  whs 
found  that  then  ii  dose  of  tetanus  io\in  which  would  not  eveti  tetanize 
an  untreated  piineu-pig  wn.s  sufficient  lo  kill  this  one. 

If  their  exptnnation  of  the  alsove  experiments  is  correct,  then  we  have 
for  the  first  time  proof  of  the  exisli-nee  of  llie  first  Iwii  of  the  three 
stages  demanded  hy  Ehrlieh's  iheorj*.  Tlie  first  stage,  tlie  binding 
of  the  haplopbore  group,  '\s  ilemuustratetl  with  the  toxoid;  the  second 
stage,  ll»e  increased  prmiuction  of  receptors,  is  demonstrated  by  the 
second  series  of  experiments  just  deseriltetl:  the  third  sta^  is  the  thrust- 
ing off  of  the  receptors.  Closf  attention  to  these  experiments  vnW  show 
that  with  a  completely  nnn-polsonnus  toxoid  no  receptors  were  thru.st 
off  at  all.  The  serum  r)f  the  rahliit  tpeatetl  with  this  toxoiti  contaiuwi 
no  antitoxin  whatever.  Ileiire  it  follows  that  the  thrusting  olT  of  the 
r»f;e])Inrs  into  the  hlocvl  serum  dfpes  n«n  necessarily  follow  from  llteir 
civerprodu<-lion,  hut  that  something  additional  is  rripiired.  TliLs  "some- 
thing." wliich  we  may  term  a  stimulus,  Ls  a  fuiTction  of  the  toxoplmre 
group.  Bccaiisi'  of  these  experiments  AVasscrmann  conceives  the 
mechanism  of  the  presence  of  the  specific  anlihfHlies  in  the  .serum  lo  l»e 
as  follous:  1.  Tlie  liaptoj)}i(>re  group  Ls  hound  hy  the  receptor.  2. 
The  consetpienre  of  this  binding  is  a  proliferjition  of  The  receptors.  In 
this  .stage,  liowever,  they  are  still  attached  to  the  organ.  3.  In  order 
that  they  lie  ttinist  off,  n  certain  stiniuhis  is  i-ecpiired.  The  haptophore 
groii]>  is  incapable  of  cxerlliig  this,  sti  that,  in  the  case  of  letanus  toxin, 
this  is  exerted  by  the  Toxophore  group.  ITiese  ex])eriments.  althniigh 
important,  do  not  ap[)ear  to  me  to  establish  as  much  as  Wassermann 
conceives.  There  ts  no  proof  that  additional  receptors  in  the  cells  of 
an  animal  so  seitsitive  as  a  guinea-pig  wonlj  in  fact  make  it  respond 
to  a  smaller  iJosc  of  toxin.  It  wouM  )h-  ei^imlly  easv  to  argue  that  it 
would  !«■  less  sensitive,  since  fewer  cells  might  absorb  idl  the  toxin. 
The  fact  that  the  cells  combining  with  the  toxoiil  yieUlefl  up  no  anti- 
toxin might  lie  taken  to  prove  that  the  cells  specifically  attacked  were 
not  the  nnrs  diiit  |)r«duced  the  anlitoxiu. 

Other  Explanations  of  the  Production  of  AiiUt«xins.^Grul)er  along  with 
others  consider  tlial  the  antitoxins  are  not  normal  constituents  of  the 
cells  hut  simply  .secretions  of  the  cclU  under  the  stinuihis  of  the  toxin, 
and  the  celU  secreting  are  not  the  cells  sensitive  to  the  toxin,  but 
others — e.  y..  tlie  bl(>orl-pro« hieing  organs.  GniWr  claims  that  the  power 
to  jMiison  highly  iiiiniunizetl  auimals  with  toxin  is  against  Khrlich's 
ideas.  This  objection  can  l»e  met  tn  several  ways.  Ehrlich  l)elieves 
(hat  the  receptors  while  still  in  the  cell  may  have  a  greater  afluiity 
for  the  toxin  than  after  l>eing  thrown  into  the  circulation.  Gruher 
clauns  that  the  latent  period  in  toxin  iKtisoning  is  due  to  the  slow 
nbs()rpiion  of  the  toxin  by  the  circulation,  and  iUyes  not  need  the 
elalmnite  explanation  of  the  toxophore  group  acting  through  the 
haptophore.  The  ideji  that  aniito>:in  is  simply  the  toxin  modihed  has 
been  given  up  for  one  reason  liecnnse  the  antitoxin  developed  is  several 
thousand  times  enough  to  neutralize  the  toxin  injecteil. 
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One  olijection  against  the  Weipert-Elirljch  liypotliesis  of  over|)rcxliiP- 
tion  of  untitoxin  bv  the  .-(peciHcaliy  attacked  cells  is  that  while  the 
animaU  are  still  showing  tetanic  symptoms  the  receptors  of  the  still 
<li.4ea.seii  cells  are  siippased  to  have  lieeii  reprmluceil,  as  shown  by  anti- 
toxin proihictiou.  This  is  answereil  ljy  Weif^t'it  ihnt  while  the  mare 
iniporliiiit  cell  ntiim  ^oups  are  -still  suiFeriii);,  ihi-  groups  pro*!in-ing 
the  receptors  may  have  recovered.  This  supposition  is  difficult  to 
prove  or  dispmve. 

The  idea  of  Weigert.  that  the  cells  are  biologically  altered  so  as  to 
continue  to  make  receptors  faiititoxin)  after  the  cessation  of  the  injec- 
tions, is  not  in  aecorrl  witli  the  olisen-ations  made  by  us,  as  there  is 
^unifomdy  a  great  drop  in  antitoxin  ten  days  or  two  weeks  after  the 
cessaTioii  of  the  fresh  .stimnliLs  of  renewed  injections.  We  have  also 
shown  that  by  partially  neutralizing  toxin  liefon>  injecting  il  into  ani- 
mals, it  is  possible  to  excite  the  cells  to  produce  as  much  antitoxin  from 
the  Krai  iLs  from  any  later  injections. 

We  know  from  the  researches  of  Meyer  and  Kansuui  that  telainis 
poison  Ls  not  al^orlnvJ  by  the  affected  iier\-e  cells  by  way  of  the  bloo<l 
and  l\*inph  channels,  but  reiiches  them  by  way  of  the  ner\es.  Following 
its  injection  the  tetanus  i>oUon  ascends  in  the  axis  cylinder  of  the  nerves 
to  the  motor  cells.  The  tetanus  anlitorin,  unlike  the  toxin,  is  not  a 
neurotrophic  sulwtance,  but  alwavs  follows  ihebli^Hl  ititd  lymph  chan- 
nels. In  adrenalin  we  possess  a  suKstnnce  which  is  able  strongly  to 
coiitraet  (he  eupillaries  und  thus  to  Mock  the  IjIhoi]  u}iMH'[)tion  pulh  of 
n  partif-nlar  area.  PffK'eeding  from  these  facts,  Wasseriniinn  and  Hnick 
deviseti  tlie  following  experiment:  Tetanus  toxin  and  antitoxin  were 
mixed  in  such  proportions  that  the  mixture  was  entirely  innocuous 
to  animals.  If  this  mixture  was  injected  into  the  hind  paw  of  a 
guinea-pig  no  tetanus  developed.  When,  however,  some  adrenalin  was 
,  injectetl  into  the  hind  }>aw  of  n  siniihir-sized  guinea-pig.  and  after 
waiting  a  few  minutes  until  the  capilluries  had  contracted,  there  was 
injected  a  recent  mixture  of  tetHuns  toxin  and  acilitoxin,  tvpical  tetanus 
was  produeeil.  What  happened  was  this:  that  the  chiinnel  of  absorption 
for  the  tetanus  antitoxin  had  Ix'eu  blockctl.  while  that  for  the  toxin,  the 
nerv-e  path,  was  open.  The  toxin  had  therefore  torn  loose  from  its 
combinati{Hi  and  followed  its  course  to  the  central  ncr\'ous  system, 
where  it  produced  tetanus. 

This  experiment,  liowever,  succeeds  only  within  a  certain  period — 
1.  e.,  not  over  an  hour  after  mixing  the  toxin  and  antitoxin.  If  we  wait 
a  longer  time,  sav.  thre<'  or  four  liours,  it  will  Im*  ftiuiid  thai  even  in  the 
adrenalin  animal  no  tetanus  is  produced,  because  by  this  tune  the  com- 
bination, previously  a  loose  one,  Ls  so  firm  that  the  substances  can  no 
longer  Ijc  torn  apart.  This  union  can  Ije  hastened  by  employing  more 
^tetanus  antitoxin,  for  with  an  excess  of  antitoxin  even  after  only  lialf 
an  hour  il  is  impossible  by  means  of  atirenalin  to  lo<i6en  the  telarms 
toxin,  lliis  experiment,  therefore,  show.s  that  the  tetanus  toxin-anti- 
toxin combination  is  at  Hi-st  a  loose  one,  and  that  the  affinity  becomes 
finner  and  firmer  with  time.    It  also  shows  the  [Hissibility  of  slightly 
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inereaftiiig  this  affinity  by  means  of  an  excess  of  antitoxin,  n  i>oint 
consiiloraiiU-  praotipftl  value  in  serum  therapy. 

Antibacterial  Action.  The  Active  Substaxces  in  BAfTKRifiOAL 
AND  BactkrioliiTIc  SsRifM. — The  first  inipartant  fact  nolevl  which 
suggested  that  a  hactericidal  serum  produeeti  its  action  (hrotigh  more 
than  one  snlistance  was  tlie  tlLsrovery  that  while  the  power  of  a  fresh 
bactericidul  serum  to  kill  bacteria  in  the  test-(iil;e  Is  lost  by  heating  it  to 
60®  C,  yet  injected  into  the  peritoneal  cavity  or  biooti  of  a  living  animal 
the  power  is  still  eTcerted.  The  same  ts  true  if  in  the  test-tubes  to  the 
heated  serum  there  is  added  some  fresh  normal  senim  which  is  itself 
incapable  of  ile.stroying;  the  bacteria.  From  these  observations  the  fact 
liecanit-  gnuliially  appiireiit  tlmt  ibe  bactericidal  property  of  a  cell-free 
senim  dependeil  upon  two  components. 

DifTeretit  invesligiitors  have  applied  to  l?»em  different  names.  The 
one  which  b  resistant  to  heat,  which  attaches  itself  directly  to  bacteria, 
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Uraphlc  repreMuUUvD uT  amboMlitoror  rtcoplon ol  tbt third  older umI  orootiipl«iDent.ttM>w1ns 
an  left  thi^  Itiimiine  bodf  tmlUng  Mnnplement  (o  toniga  cell  and  on  ricbt  the  MUon  of  anlloonpl*- 
mtat,  UudliiK  owiDpleaivnt:  J,  ooaipl«in>«nli  0,  iDUniMdlary  Uxly:  C,  nc^plcr .  It.oell;  K,  »bU- 
eomplement. 

even  at  low  teuijieratures,  mul  ts  increased  (hiring  immunization,  is 
called  sensitizing  sulistance,  interbody,  iiiuboceptor,  or  imuuine  IxMly. 
Tiie  other,  which  is  sensitive  lo  heat,  which  is  present  in  ihc  healthy 
normal  serum,  is  not  increusc<J  durijig  immunization,  and  wliicb  unites 
with  the  bacterial  protoplasm  only  at  temperatures  considerably  above 
the  freezing  point,  is  called  alerciii.  or  complement. 

The  imnmne  body  attaches  itself  to  the  bacterial  suKstance,  but  does 
not  appreciably  hann  the  cells.  The  coinpleTiieut  destroys  the  cell  after 
the  iiiimiiiie  luKly  has  made  the  i-i>ll  viilneritble. 

According  lo  Ehrlich  the  immune  liody  first  unite:>  with  the  proto- 
plasm of  the  cell  and  lhi.s  develops  in  the  immune  body  an  affinity  tor 
the  complement  anil  the  two  unite..  (See  Fig.  CM.)  He  l»elieves  that 
it  is  dirough  the  Immune  body  that  the  complement  exerts  its  action 
on  the  cell. 

Others  believe  that  the  imnnme  body  and  complement  do  not  directly 
unite.     It  appears  as  if  the  immune  body  injured  the  cell  membrane 


SATVRE  OF  TOE  PROTECTIVE  DEFESCES  OF  THE  BODY    \1\ 

and  so  allowed  the  complement  to  penetrate  the  cell  substance  or 
iliat,  as  ihe  French  put  it.  changes  its  nature  so  it  cnn  coiribine  with 
its  complement.  Muir  has  sho\\ii  that  when  cells  are  saturated  with 
both  immune  IkxIv  and  conipleiueiit  that  the  addition  of  fresh  cells 
causes  a  splitting  off  of  immune  body  but  not  of  complement.  This 
throws  further  iloubt  upon  the  direct  union  of  immune  hotly  and  com- 
plement. Most  of  the  experinients  winch  have  been  made  with  the 
purpose  of  ck-aruig  up  these  difficult  problems  have  been  made  upon 
re»]  blood  cells.  Here  the  absorption  of  the  immune  bo<lies  at  low 
temperatures  and  the  lack  of  noticeable  injury  until  the  coniplenient 
Is  udileii,  at  a  temperjituro  of  2(f  to  30*^  C,  is  very  striking.  The 
immune  bodies  are  verj-  numerous  and  fairly  specific  in  their  HCtion. 
The  complement  .iiibstantre  Ls  much  less  specific  and,  although  probably 
multiple,  each  variety  acts  upon  widely  different  bacteria  after  they 
have  united  with  the  immune  body.  There  is  little  reason  to  think  that 
the  complement  of  one  aniraal  is  any  more  capable  to  attack  bacteria 
prepared  by  immune  bodies  developed  in  its  blood  than  by  immune 
bodies  tievelopetl  in  some  other  species. 

The  building  of  Inunune  bodies  in  the  infected  animals  Ls  believed 
by  most  to  take  place  the  more  rapidly  (he  more  virulent  the  infecting 
organisms  are.  In  our  experiments  this  has  not  been  evident.  Increase 
of  virulence  for  one  species  of  animal  does  not  mean  increase  for  all 
animals;  so  that  the  ununal  ujwn  which  the  virulence  is  tested  must  be 
the  same  variety  as  the  one  beiii^  imnuintzed  to  draw  conclusions. 

Ori^  of  Bactericidal  Substances. — Mhrlicb  and  his  followers  consider 
the  inunune  borlies  to  ho  built  up  in  the  same  way  as  the  antitoxins. 
They  are  cell  atom-groups,  which  are  similar  to  those  which  were 
attacked  by  the  bacterial  substance  and  which  were  overproduce<l  as 
the  cell  attempted  to  replace  what  had  been  destJ-oyed  or  liound  up. 

Their  source  must  apparently  l>e  atlribuled  to  the  cells,  but  prulmbly 
only  certain  cells  produce  them.  The  red  blooti  cells,  for  instance,  seem 
rather  to  destroy  than  to  incn-nse  them.  The  nuclein  derived  from  the 
cells,  although  it  has  «  general  bactericidal  action,  and  may  enter  into 
the  complements  (alexins),  has  different  properties,  and  so  cannot 
itself  lie  one  of  tlie.^w  bodies.  The  cells  which  have  abundant  nuclear 
suKstance,  sueli  as  the  leukocytes  and  lympli  cells,  seem  esjiecifdly  to 
he  a  source,  and  MetchniknfT  asserts  their  pre-eminent  role  as  the  pro- 
ducers of  liuth  complements  and  immune  bodies.  Buchner  and  others 
have  found  that  through  the  irritation  of  bacterial  filtrates  the  leukocytes 
were  atlractetl  in  great  numtjers  to  the  region  of  injection,  ami  thai  the 
fluid  here,  which  was  rich  in  leukocytes,  was  more  bactericidal  than 
that  of  tlic  blood  scrum  elsewhere.  Some  claim  to  have  demonstrated 
that  along  with  iacrease<t  ieukocvtosis  there  is  a  general  increase  in  the 
complement  in  the  bl^KHl;  still,  it  has  not  yet  been  positively  established 
liiat  tlie  complement  U  derived  .solely  from  the  leukocytes,  nor  from 
all  leukoc)'tes,  and  a  mere  increase  in  them  does  not  always  mean  an 
increase  in  tlie  complement.    Immune  lioilies  appear  to  l»e  more  abun- 
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daiit  in  the  spleen  ami  the  ha'niopoietic  oi^ans  end  also  to  nppear  there 
HrsI  (hiriiifT  the  process  of  iiniiinnizalifni. 

The  Part  Pl&yed  by  the  Xienkocyte  in  Immnnity. — The  original  theon*  of 
Metchnikoff,  that  tlie  leukoci»'tes  were  tlw  only  actual  protective  l>o(lirs 
whirh  warded  ofTilLsease,  and  that  they  <lid  this  by  attacking  llie  harteria 
was  founded  on  the  now  well-known  fact  that  certain  of  the  white  cells 
possessed  the  pdwer  [if  (jikiiig  up  iiiln  themselves  pathogt-riic  hacteria. 
and  that  they  were  (here  ileslroved.  U  was  later  olwerved  that  these 
cells  had  the  property  of  taking  from  the  blood  many  Ufelcss  foreign 
elements,  thereby  kpepint»  the  blood  channels  free  of  foreign  ]>ailicle,s. 

The  question  thereby  arose  as  to  whether  these  cells  engulfed  and 
then  killed  the  bacteria,  or  wln-ther  perjiaps  otiier  suKstances  killed  or 
prepared  them  l>efore  the  cells  took  iheni  up.  It  is  now  known  that 
the  bacteria  first  unite  with  siibstant-es  in  the  serum  and  thus  are  pre- 
pared for  plnigiicytiisis.  This  unitm  does  not  kill  the  bacteria.  The 
leukocytes  and  the  chemical  substances  of  the  blocwl  thus  l)oth  play  an 
important  part.  The  death  of  the  bnctfria  also  liljcrates  positive 
cheniolactic  substances,  and  the  disintegration  of  the  white  blood  ctib 
gives  rise  to  Imctcricidal  bodies.  We  find  that  phagocytosis  is  most 
marked  when  the  disea.se  is  on  the  decline  or  the  infection  mild,  but  is 
usually  absent  in  rapidly  increasing  infection.  This  would  seem  to 
indicate  that  the  course  of  the  infection  i.s  often  alreadv  detenniiied 
liefore  tlie  leiikorytes  ^H•cnme  ma-sfied  at  the  point  of  iU  enlrance.  The 
first  determining  inHiience  is  given  by  the  condition  of  the  tissues  and 
the  amnuiit  of  biiclericidat  sulistances  contained  in  them,  and  then, 
later,  in  cuses  where  the  bacteria  have  lieen  checkeij.  conies  the  addi- 
tional help  of  the  leukocytes.  If  the  tissues  are  wholly  free  of  bacteri- 
cidal and  sensitizing  substances,  neither  they  nor  the  leukocytes,  nor 
both  combined,  can  prevent  the  l>acterial  increase.  The  simple  ab- 
sorption by  the  cells  of  bacteria  is  not  necessarily  a  destructive  process. 
MetchnikotT'  iH-lieves  thitt  the  palvniorphoniu-lear  lenkoc^-tes  are  espe- 
cially anlilmctcrial  in  relation  to  acute  infections.  The  large  phagocvtes 
are  cTtnceived  to  lieal  chiefly  with  the  resoqition  of  tissue  cells  and  with 
inimurnly  In  certain  chronic  iliseases.  such  aa  tubereulosis. 

Opsonines'  or  Substances  which  Prepare  the  Bacteria  for  tlie  Leiikoc7t«s. — 
Wright,  W-ufeld.  antl  others  have  studied  the  substances  in  the  blood 
which  prepare  the  bacteria  for  the  leiikoc^-tes.  The  interesting  fact  has 
been  noted  that  the  white  blood  corpuscles  of  the  non-immune  and  the 
actively  immune  have  the  same  phagocjlic  characteristics  toward  bac- 
teria, the  differences  in  their  apjwircnl  activitv  being  due  to  the  sub- 
stances in  the  sernin  which,  simitar  tu  the  ttnmiine  iHidy,  combine  with 
the  receptors  in  the  cells. 

If  the  washed  celts  fmiii  the  immune  patient  arc  adde<l  to  salt  solu- 
tion they  have  no  more  elTect  upf»n  the  bacteria  used  to  immunize  than 
do  those  from  a  susceptible  |>ersou,  while  tho.sc  from  the  latter  put  into 
the  serum  of  the  former  act  energetically.    Heating  destroys  all  opwrnincs 
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according  to  Wright,  but  sonic,  only,  according  to  Nt-ufeld.  For  many 
infections,  such  as  these  due  to  the  stftphylot-occi,  atreptoeocci,  anil 
piieumococci ,  immunity  seems  to  depend  largely  on  the  opsonines  and 
leukocytes. 

'Hie  opstinic  power  is  measured  by  placing  bacteria  in  a  mixture  of 
the  patient's  serum  and  a  .saline  i-mulsion  of  fresh  white  binoil  cells. 
These  are  usually  olitaim-d  fruin  tbr  Ihiid  (iilU'i-tin^  after  injeetlng  an 
iileuronat  emulsion  suspendeti  in  u  thin  stnreh  paste  into  the  pleural 
cavity  of  a  rabbit  or  other  animal,  llie  fluid  is  withdrawn  twelve  to 
eighteen  houi-s  after  the  injection.  In  order  to  separate  the  leukocytes 
rn>ui  the  picurul  fluid  they  are  washed  in  nurmal  salt  solution  and 
centrifugalized.  We  have  fonn<l  that  suitable  leukoc\'tes  can  be 
obtained  very  rea^Hly  from  the  horse.  The  blood  is  received  directly 
into  A  flask  containing  some  10  per  rent,  solution  of  sodium  citrate, 
anil  in  such  amount  as  to  inakL-  a  1:10  sulullun.  lliis  mixture  does 
not  citit.  The  red  cells  sink  to  the  Iwittom  and  the  su[>ernataiit  fluid 
IS  centrifugaliiMrd. 

After  placing  at  37°  C  for  from  fifteen  to  sixty  minutes  the  average 
number  of  bacteria  taken  up  by  tlie  white  corpuscles  is  determined  by 
examining  stained  preparations.  Wright  notieed  that  there  was  no 
opsonic  power  in  the  flui<l  in  an  aliscess  cavity,  and  that  even  while  the 
blood  as  a  whole  might  have  it,  (hat  of  some  organ  or  portion  of  the 
body  miglit  lack  it. 

Deflection  of  the  Complement. — It  frec^uently  happens  that  when  the 
addition  of  a  small  Hitiinint  nf  iinitniiie  serum  renders  a  normal  senim 
more  liactericidal  a  greater  addition  robs  it  of  all  baetericidal  power. 
This  is  explained  by  NcissiT  and  WechslH-rg  to  lie  due  to  a  locking  up 
of  complement  by  excess  of  immune  body.  The  subject  is  in  need  of 
further  study. 

Uttltipartlal  or  Poljrvalent  Sera.— Aecorrling  to  Ehrlich's  theory,  every 
immunizing  group  in  a  snbstjince  corresponds  to  a  rnnntergronp  nf  the 
fitting  receptors  in  the  organism.  Bacteria  are  not  homogeneous  masses, 
but  are  ma^le  up  of  various  moJeetiles  ■which  differ  biologically  from 
one  another.  Conforming  to  this,  the  antisnlistances,  iniuuine  bcHlies 
(antitoxins,  agglntinins,  etc.),  wliicli  apjwar  in  a  scrurn  an-  rnadc  np 
of  the  sum  of  the  anlibodies  which  correspond  to  these  partial  ele- 
ments in  tlic  l>actcrial  body.  These  separate  groups  are  called  "partial 
groups."  .\n  immune  serum-  therefore,  consists  of  the  partial  groups 
wliicti  correspond  to  the  separate  partial  elements  of  the  bacterial  l)ody. 
We  are  further  able  to  show  (hat  the.sc  ]>artial  elements  in  one  and  the 
same  bacterial  species  are  not  the  same  for  all  the  bacteria  of  that 
species.  Thus  one  culture  of  streptococci  or  of  bariUujt  eoli  may  liave 
a  few  partial  elements  which  differ  from  those  of  another  culture. 
What  is  the  (ijusi'ipietHT  of  this?  The  coriHequeuce  will  W  that  when 
we  immunize  with  a  cidtun-  a  of  such  bacteria  we  shall  obtain  a  scrum 
which  acts  completely  on  this  cullui-c.  fur  in  this  scrum  all  the  partial 
elements  present  in  culture  a  are  represented.  If.  however,  we  employ 
culture  h,  c,  or  rf,  which  perhaps  possess  other  partial  elements,  we 
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sltall  fiml  thut  the  senim  does  not  completely  atfect  these  cultures. 
As  already  stnreil,  such  a  condition  oF  things  is  met  with  in  inflanimalions 
due  to  streptococci  and  other  bucteria,  and  is,  therefore,  of  considerable 
practical  importance.  It  is  because  of  this  fact  that  a  sennn  acts  best 
only  in  a  certain  percentage  of  cases.  In  order  to  overcome  this  difficulty 
in  persons  infected  willi  thcs**  bacterial  species  we  have  no  choice  but  to 
rrmke  sera,  not  by  means  of  one  culture,  but  by  means  of  a  number  of 
dttfcrent  strains  of  the  same  species.  The  result  of  this  will  be  that^ 
corresponiiing  to  the  various  partijd  elements  in  these  different  cul- 
tures, we  shall  obtain  a.  serum  Cfjntaining  a  large  nuntber  of  the  partial 
grnnps.  Such  a  serum  will  then  exert  a  .specific  action  on  a  large  num- 
Wr  of  different  cultures,  but  not  (|uile  as  great  an  influence  on  any- 
one as  if  only  that  variety  had  been  injected. 

In  other  words,  the  development  and  the  closer  analysis  of  the  proH- 
lem  of  imuumity,  especially  during  the  past  few  years,  have  shown  us 
that  we  must  make  use,  more  than  heretofore,  of  so-called  potjfvalent 
or  multipartial  sera.  In  the  senim  therapy  of  streptococcus  infections,  of 
dysentery,  etc,  the  production  of  such  multipartial  sera  is  an  advantage 
in  practice.  Owing  to  these  partial  groups  also,  a  serum — e.  g.,  anti- 
typhoid serum — can  specifically  affect  a  closely  allied  s[)ecies  of  bac- 
terium, like  fiaciJIu.-/  mli,  for  example.  For  it  Ls  known  that  clusely 
related  .species  of  bacteria,  such  as  tv'phoid  and  colon  bacilli,  possess 
certain  partial  groups  in  common,  and  a  scnun  is  thus  produced  which 
to  a  certain  extent  acts  on  both  s|>ecie3.  This  constitutes  what  is 
known  as  the  "group  reaction." 


CHAPTER   XVI. 

THE  NATURE  OF  THE  SliaSTAXCES  COXCERNEO  IN 
AGGLLITINATION. 


The  agglutinating  substances,  which  develop  in  animals  because  of 
liactcrial  iufrction,  have  provon  of  such  vulno  in  tUc  identifying  of 
luiL'terIa  anil  tlie  detection  of  bacterial  infection  that  a  knowledge  of 
them  is  of  grcnt  practical  as  vv«,*ll  as  tliooretical  importance.  (See  pages 
S1-H3  for  technique  of  investigation.) 

The  agglutinins  were  discovered  bv  Gruber  and  Durham.  Their 
effect  on  bacteria  can  be  observed  either  macroscopically  or  niicroscopi- 
cally.  For  example,  if  a  serum  from  an  animal  which  has  passed 
Ihrnui^'h  a  tvphoid  infection  is  added  to  a  twenty-four-hour  cidture  of 
typhoiil  Imcilli,  and  the  rnixtun'  plac-etl  in  a  thermosta.t,  the  following 
phenomeuon  will  be  noticeil:  The  bacteria,  which  previously  clouded 
the  bouillon  uniformly,  clump  together  into  little  masses,  settle  to  the 
sides  of  (he  test-tul>e,  and  gradually  fall  to  the  Iwttom  until  the  fluid 
is  almost  enlin-ly  clear.  In  a  control  test,  on  the  contrarj',  to  which 
no  active  serum  is  added  the  fluid  remains  uniformly  cloudy.  The 
reaction  is  completed  in  from  one  to  twelve  hours.  If  the  reaction  is 
obsen'ed  in  a  hanging  drop,  it  is  seen  that  the  addition  of  the  active 
aenim  tirat  produces  an  increase*!  motility  of  the  bacteria  which  lasts 
a  short  time  and  is  followed  by  a  gradual  formation  of  clumps.  Fre- 
i|uently  one  sm's  bacteria  which  have  recently  joined  a  group  make 
violenl  motions  as  though  they  were  attempting  to  tear  themselves  nway; 
then  they  gra«iually  lase  their  motility  couiplefely.  Even  the  larger 
groujw  of  bacteria  may  exhibit  movement  as  a  whole.  After  not  more 
than  one  or  two  hours  the  reaction  is  completed;  in  place  of  the  bacteria 
moving  quickly  across  the  Held,  one  sees  one  or  several  groups  of  abso- 
lutely immobile  bacilli.  Now  and  then  in  a  number  of  preparations  one 
sees  a  few  separate  bacteria  still  moving  about  among  the  groups.  If  the 
reaction  is  leelile,  eitlier  l)ecari3<^  tlie  immure  serum  ha.s  been  highly 
diluted  or  because  it  contains  ven.'  little  agglutinin,  the  groups  are  small 
and  one  finds  com  para  tividy  many  Lsulatcd  and  perhaps  also  moving 
bacteria.  It  is  essential  each  time  to  make  a  control  teat  of  the  same 
bacterial  culture  without  the  addition  of  serum.  Under  some  circum- 
stances the  reaction  f)rocceds  with  extraordinary  rupiility,  so  that  the 
bacilli  are  clumped  almost  immetliately.  By  the  time  the  microscopic 
slide  has  \teen  prepareil  and  brought  into  view,  nothing  is  to  be  seen 
of  any  moving  or  isolati^l  bacteria,  and  only  by  mean.s  of  the  control 
test  is  it  possible  to  tell  wltether  the  culture  po&<iessed  normal  motility. 
As  to  the  nature  of  these  phenomena  a  numlx^r  of  theories  have  been 
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advanced.  As  in  the  case  of  llie  immune  body  there  is  i>ositive  proof 
thai  the  n^hitinin  cnmhiite.s  directly  with  siihiitances  in  the  bacterial 
hijdy. 

Ill  sonu-  rnst's  (he  ngghitiniiis  nw  active  even  in  very  high  dilutions. 
Thus  ill  typhuid  patients  and  (yphuid  eonvaU'seeiili;  a  distinrt  a^c^hi- 
tlnation  h&»  hecn  observed  in  <lihitioi)s  nf  hoOUO,  and  this  actioo 
persisted  for  iridtiths.  thou};li  uoi,  of  course,  in  the  same  depree.  Kveii 
normal  blood  serum,  when  un<H!uted,  often  produces  agglutination. 
Bm  the  speeifie  u^hitinins,  which  are  fonne<]  on!y  in  couseipienre  of 
ail  iiifectitni,  ai-e  rharacterizx-d  by  tliu*,  thai  they  produce  agglutination 
even  when  the  serum  is  highly  diluted,  aiul,  furtliemiore,  that  after  thw 
dilution  the  Hclioii  is  speridc^E.  r.,  the  dihilion  of  cholera  inHiiuiie 
serutn  iigglutiiuites  only  cholei-a  bacilli,  lyjilutid  iinninne  senini  only 
t\'phoid  bacilli,  etc.  This  specificity-,  however,  as  will  be  shown  later, 
is  not  aU'inys  absnliite. 

The  agglutinating  substances  when  niLxe<i  with  bacteria  are  bound 
to  the  agghitinablc  substances  in  thetii.  the  twti  bodies  effiH'ting  a  lofise 
combination  very  like  toxin  ami  antitoxin.  Hy  chemical  means  it  is 
pos.sible  to  again  separate  the  agglutinin  from  the  l^acteria  and  use  it 
to  agglutinate  bacteria  anew. 

It  was  formerly  a.ssumeil  that  agglutination  whs  a  prtTerjuiMie  ftfr 
bacterinhisi3.  This,  however,  is  not  so,  for  both  in  cliolerii  and  in  tA'phoid 
immunity  bacteriolytic  substances  have  lx*en  oliscrved  witliout  ngghi- 
tinirs,  and  afj^lutlnating  sulwtunoes  without  bocteriolysins. 

Of  the  tliree  anliboilies  mentioned,  serum  therapy  has  thus  far  made 
use  of  the  antitoxins;  whereas,  in  serum  tliagmwis  the  bacteriolysins 
and  above  all  the  agglutinins  are  used.  jS'eram  diatpiosig  by  means  of 
thexe  Uoo  suhstancts  was  possible  only  hecaxtae  they  had  proven  thrm- 
sflves  in  gmtrai  tu  Jipfcific. 

Precipitins.— If  we  inject  an  animal  with  albuminous  boflies  of  the 
greali-st  varietv,  substaiuv.s  will  iiMiidly  iippe»r  in  the  IiIihmI  whieli  imis- 
sess  <listinct  relations  to  these  bodies.  They  niiinifest  themselves  by 
their  power  to  prt^'ipitatt'  tlie  alhuniinoi.s  laMlies  from  dilute  solutions 
in  a  test-tube.  These  antibotiies  are  therefore  called  precipitin*. 
A  phenomenon  discovcre<t  hy  H.  Kraus  is  probably  to  he  separated 
from  this  precipitin  action  on  albumins.  Thu?  author  showed  that  the 
.*ienim  of  a  rabbit  immunized  against  typhoid  prnrhices  a  precipitate  in 
the  hacterinl-free  filtrate  of  u  Injuillon  typhoid  culture.  This  fact  has 
been  verifieil  by  a  number  of  investigators  and  fc»und  to  exteiul  also  tn 
other  species  of  bacteria.  The  precipitins  are  divided  like  agglutinins 
into  hnviitg  grnu]>  and  specific  Hc-tinn. 

Characteristics  of  Agglutinins. — ;\s  considered  by  Ehrlich's  schwd.  the 
agglutinin  consists  of  a  stable-combining  group  and  an  unstable-precipi- 
tating group.  The  agglulinable  molecule  is  also  iK-Ueved  to  consist  of 
two  groups,  one  stable  that  combines  with  the  a^'lutinins  and  one  labile 
that  gives  the  complete<l  reaction.  .■Vggtutinins  thangc<l  by  heat,  acids, 
and  other  iiiHuences  become  agglutlnoidit,  which  are  comparable  to 
toxoids,  cotn|ilementoids,  etc. 
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The  union  of  a|^lutinin  witli  receptors  in  bacteria  is  a  chemical  reac- 
tion, and  is  quantitative.  Befoi-e  afy;^"*"'"^'""  w-eiirs  sodium  chloride 
must  be  present  as  it  enters  into  the  comhination.  'i'he  amount  of  bac- 
teria in  the  emulsion  used  to  test  the  amount  of  agglutinin  must,  there- 
fore, be  knowTi.  An  emnlsinn  «ne  hnnilred  times  as  dense  as  anollier 
would  retjuire  one  hundred  times  as  iiincli  apfil"tiniii  to  give  an  equally 
complete  reaeiion.     Agglutinin  nets  upon  dead  bftcteria. 

^lanv  things  afleet  the  agghitinable  substance  in  bacteria.  Grown 
in  bouillon  for  three  days  at  ^1"  C,  bacilli  requires  three  times  as  much 
agglulitiin  to  give  an  w|ual  R'actiun  sis  if  growu  at  -^7°  C-  for  one  day. 
This  difference  is  partly  due  to  bacterial  substance  po-ssing  out  into 
llie  culture  medium,  which  combines  with  the  agglutinin. 

Heat  diminishes  the  agghi  tin  ability  of  bacteria  when  above  60°  C. 
Dreyer  found  that  if  a  twenty-four-hour  bouillon  culture  of  bacillus 

;Coli    required  1  part  of  aggbititiin  tn  agglutinate  it,  then  if  heativl  to 

rfiO"  C.  it  required  2.3  parts;  if  to  80°  t'..  18  parts;  if  to  100°  C,  24.6 
parts.  He  fount!  the  suqmsing  fact  that  long  heating  of  the  culture 
n?atored  its  ability  to  be  aj^lutinaleil  by  snialler  lunoinits  of  aggliiliiiins. 
Heated  thirteen  hours  to  100°  C,  the  culture  was  agglutinate*]  by 
4  parts.  Dreycr's  explanation  rjf  this  n-suU  i.s  that  agghitinin-fixing 
substuuce  is  dissolved  out  by  the  prolonged  heating. 

Heating  the  serum  above  (JtP  C.  injures  the  agglutinin  slightly,  above 
70  C.  greatly,  arul   above  75°  ('.  destroys  it.      Weak  and  strong  acids 

l^ftgglutinatc  bacteria  while  medium  acidity  does  not.  Alkalies  inhibit 
agglutination. 

'I'he  natnrt'of  a^lulinoids  and  the  means  by  which  they  inhibit  agglu- 
tinatiun  is  at  present  little  understood.  It  is  important  to  remember  tliat 
in  concentrated  scnun  agglutination  may  fail  Ixrause  of  their  action,  while 
in  higher  dilutions  of  the  serum  agglutination  rnny  take  place  readily. 

The  growth  of  bacteria  in  fresh  blowl  or  its  equivalent  inhibits  the 
development  of  aggUitinahle  substance  in  bacteria.  Bacteria  should 
ttot  be  grown  on  such  media  when  tlwy  are  to  be  used  in  agglutination 
tests.     Even  ascitic  Huid  broth  has  some  effect. 

Oroap  Affghitination. — Many  varieties  of  bacteria  have  among  the 
<3!fTei'ent  sulisrances  com]>osinf;  their  bodies  some  of  which  ore  common 
ti»  other  baetfria  which  are  more  or  less  allied  to  them.  These  sub- 
stances all  exciting  agglutinins  we  have  such  a  serum  acting  on  a 
number  of  varieties.     These  agglutinins  are  called,  therefore,  group 

I  agglutinins.  If  a  typhoid  or  paratyphoid  serinn  pirascss  a  high  degree 
of  activity — i.e.,  ability  to  agglutiimte  even  in  large  dilution  -it  may 
happen  that  with  lessor  dilution  it  may  also  agglutinate  the  two  related 
bacilli.  Thus,  in  iwn  ca.ses  the  infecting  paratyphoid  bacilli  type  B 
were  agglutinated  l:57lX);  typhoid  kicilli,  however,  only  1:12(>,  while 
paratyphoid  bacilli  type  A  were  not  ajjglutinated  at  all.  In  two  other 
toiM'js  I  ubstTvt'il  an  agglutination  of  piiratyplmid  type  B  with  a  dilution 
1:4(1,  while  typhoid  bacilli  were  agglutinated  witii  1:300  antl  over. 
Korte  has  frequently  observe*!  that  typhoid  sera  agglutinate  not  only 
typhoid  bacilli,  but  also  one  or  both  varieties  of  paratyphoid,  even 
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when  a  simultaneous  infection  with  paratyphoid  was  cxchided.  'Vhts 
H^^ltitinAtion  for  tlu'  other  bacilli  wa.-s  in  ^nme  cases  qnitc  niarknl, 
tlntu^'h  thert*  was  nn  nnifnmiitv  wliaU'ver.  Since  he  fnun«i  that,  ofm- 
verscly,  in  paratyphoid  infwtion  the  serum  possesses  a  fairly  strong 
agghtlinttliii^  action  on  typiiiH<i  Itacilli,  Korte  advises  llial  in  ever\'  ra.se 
of  lyplund  Jill  llin*e  Imeieria  lie  testetl  for  ii^gltiticiatlon,  -so  that,  aeeintl- 
ing  to  the  stronjft'st  ajijfhitiuntinp  action,  one  can  dtvide  which  infection 
is  present.  If  in  practice  it  is  inniiuterial  whether  this  point  be  decided, 
the  ajrplutinalioti  with  jjaratyphoid  need  only  be  undertaken  when  the 
typhoid  ii^'hitination  is  absent. 

In  all  this  we  are  dealing  with  the  same  phenomenon  which  undoubt- 
edly plavs  a  n>le  In  the  af;glntiiuition  with  blooif  of  icteric  palient.s,  the 
so-called  tjnmp  mj(jtuii»<Ui(m,  as  it  was  Hrs«  tenm-d  by  Mcinhard  Pfaund- 
ler.^  Ill  other  wonis,  while  agghilinins  nniy  be  nearly,  if  not  quite, 
speeific  in  their  action  a  scnnn  which  pitwlnces  apghitinalion  may  be 
far  from  being  so.  As  a  rule,  the  ai^lutitiintion  with  (he  infct'tinn  aj^ent 
is  by  fur  the  strongest — i*.  «•.,  it  pRXTcds  even  in  high  tlilulions — when'as 
other  bacteria  require  a  stronger  concentration.  The  bacteria  which 
are  agglutinate<l  by  one  and  the  same  serum  nL-e<l  not  at  all  be  related  id 
their  niorphotogtcal  or  other  biological  characteristics,  as  at  first  a.ssumed. 
Conversely,  niicro-tirganisms  which,  because  of  the  characteristics  nien- 
[i(»iie<i.  an-  rcganktl  us  entirely  identical  or  almost  so,  are  sharply 
ditferenliated  liy  means  al  their  agglutinatiiiii.  In  other  wonU,  the 
"gmups"  iirrivi*d  at  by  menus  of  a  eoniinon  aggbidnaiion  have  no 
relation  to  species  as  the  term  is  tisuidly  employed.  Thus,  iiceording 
to  Stem,  certain  varieties  of  prolens  and  <il  sliiphvlocowi  excite  the 
production  of  sera  which  exert  marked  Jigglutinaling  pt>wers  also  on 
typhoid  bacilli,  altliough  oihcrw'ise  we  do  not  regard  these  ihree  miero- 
organism.t  as  at  all  related.  Because  of  this  lack  of  absolute  specificity 
the  at-Tum  diagnosh  of  infection  or  identification  of  harteria  has  value  only 
when  verv  carefullv  tested. 

Th«  Relative  Development  of  Specific  and  Group  Ag^glntinins. — The 
study  uf  a  large  imtiibcr  of  .scries  uf  agglutiniition  tests  ubiuincii  from 
young  goats  and  rabbits  Injected  chiefly  with  typhoid,  dysentery,  pars- 
dysenteri',  paracolon,  colon,  and  hog-cholera  cultures  has  showTi  that 
there  Is  considerable  uniformity  in  the  development  of  the  sptrific  and 
group  agglutinins.  The  .spetrific  agglutinins  develop  in  lai^r  amount 
in  the  Iwginning,  l>eing  in  the  si-eond  week  usually  from  five  to  one 
hundred  times  as  abundant  as  the  group  agglutinins.  I^ter  the  total 
auuHint  of  the  gniiip  aggliitiiiiiis  lends  to  appnmch  nion^  nearly  (o 
that  of  the  specific,  and  reach  us  high  as  50  |)er  cent.  In  u  numlx^r  of 
test.s  canietl  out  by  ns  we  found  lliut  many  gnrnp  agglutinins  supple^ 
iiient  specific  ones  in  their  action,  causing  by  their  addition  an  increase*! 
agglutinating  .strength.  In  our  experience  the  variety  of  miero-organ- 
ism  ns»*d  for  inm-ulation  is,  if  cfpndly  sensitive,  agglutinated  by  the  com- 
bined speeiHc  an<l  gn>U]>  agglutinins  pnKJuced  tlirough  its  .stimulus 
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in  a  higher  ililiition  ihan  miy  micnw>i^anisni  affecttd  merely  by  the 
group  agglutinins.  It  li  tnw  t}iat  bacteria  not  injected  were  at  times 
ftgghitinatetl  in  higher  dihitions  than  the  variety  injected;  this,  if  not 
due  t(»  greater  sensitiveness,  was  «)ii  aectiuiit  of  normal  grcni])  «ggh]- 
tinins  present  in  the  animal  before  immunization,  (n  liorses  mid  athilt 
gi>ats  it  was  found  tliat  bi-fon*  injeetions  wen-  ronitrieiu'ed  tliere  wtu; 
often  a  great  aeeunmlation  fvf  aji^lutinins  for  hoeteria  and  espeeially 
for  members  of  the  dyscutcry,  puradysenten',  and  cohm  groups,  .so 
that  the  estimation  of  the  development  of  specific  aggUitinins  was  a 
mailer  of  great  (hffieiihy  except  through  careful  absorption  ex(>erimenls. 
For  thi.T  reason  untreated  horse  .senmi,  is  a  ven-  dangerous  substance 
to  use  in  differentiating  the  intestinal  bacteria,  'i'his  is  clearly  brought 
out  in  the  record  given  of  the  tests  made  of  two  horses.  The  great 
height  to  which  the  group  agghititiins  may  rise  is  s+rn  in  tlie  frjllowing 
(able: 

Table  I. 

Agyiutinin  in  (Ac  Strnm  of  n  /for*'  Injected  wiVA  Paradytnfery  BaefUut. 
Type,  MffttHa  tWfrtre. 

ARer  18  InJeoUoui.  Aft«r  21  iu^Mtlgtw. 


CUlluro. 
Cblon  B.  X.        .       .       . 


l:MOO    1:5000    I:1».0XI    1:3000    l:SiXW    1:10,000 

r  -  t--  —  I    •  +-t- 


The  grp«t  amoinit  nf  agghitiniTis  ncliiig  tipnn  tlic  colon  haeilliis  X. 
is  remarkable.  A  senmi  i-s  here  seen  to  be  ft<*ting  in  (Hlutions  as  high 
as  1:10,000  upon  a  cullua*  possessing  verj-  dilferent  characteristics 
from  the  one  used  in  the  injections. 

Although  a  considerable  pn)portion  of  the  gmup  agglutinins  acting 
on  colon  bacillus  X  wa.s  undoubtedly  due  to  the  stimulu.s  nf  the  injections 
of  the  Fiexner  paradysenlen-  culture,  still  a  portion  of  them  was  pndi- 
ahly  (hie  to  other  causes.  In  Table  It.  i.s  seen  the  marked  accumula- 
tion of  agglutinins  which  may  occur  in  a  horse  before  injerli<ms  are 
lK.-gun  ami  the  results  of  injection  imlricnt  bouillon  whlcli  tiwl  been 
prepareil  from  meal  in  the  usual  way. 


The  ume  one  week  aAer  being 
tnjecu^  wttb  oni<  Hire  of  UniUlon. 


1 :  W      I ;  1000    I  :  WOO 


tabi.k  n, 

A  joane  horse  before 
iuocalAtlon. 

CttltUM.                ]:100  IrSUO    1:1000  1  :  SOOO 

DrnBterB.,  J*]«n .      .     *■  —         —        —  -+—  —  — 

PuftdrNnury,  Jli.  rwaert      .  —          —          —  .(.,—  _  — 

Manila                                             —  ^  i       e  t  - 

CAion  II.  X.       ...  ^^  —         —  +-r      ^-i-  -  — 

The  fact  of  most  importance  which  apiM-ars  in  this  table  is  the  abun- 
dant agglutinins  which  miiy  he  found  in  the  .serum  of  a  horse  which 
has  never  received  bacterial  inje^-tioiis. 

Three  rabbits  injecteil  witli  initrient  lionillon  developeil  agglutinins 
for  the  paradysentery  and  some  of  the  colon  bacilli.  In  one  rabbit's 
semm  the  Manila  culture  a^hitinatetl  in  dilutions  of  1 :  150. 
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Table  III. 

Senmjnm  Tm  Hone»  at  Iht  JAwf  0/  Oiu  Year,  durivif  wkirJt  T^VfjUy  St^tttiana  vtr*  OiM%. 


CUllura. 

FURdyMUUry  D.,  Ml.  DtMit 
"        "     ICwillft . 


I:  MO    I  :t<iDu    t  :JoCO 


1-+  - 


t;MW    t:iei»    l.tm 


It  is  interesting  to  note  that  tlje  serum  from  the  horse  receivinp  the 
Shiga  culture  agglutinates  the  j>araclysc liter)*  culture  in  higher  dilutions 
than  the  Shiga  culture.  In  tlie  other  serum  all  cultures  were  agglu- 
tinated hi  equally  high  dilutions  in  spite  of  the  fact  that  the  paradysen- 
tery type  had  lieeti  iiijcetwl. 

Thk  RKLATtvF.  Ac  coMLLATiox  UK  TnF  Grijup  \\d  Spkoiftc  AofiM*- 
■rixiNs.~Tlii.i  is  seen  to  vary  for  the  difl'erent  types  and  at  different 
times.  For  the  Manila  culture  of  Flexner.  which  is  nearest  to  the  colon 
in  its  characteristics,  the  specific  agglutinins  were  in  the  senrni  of  an 
animal  which  had  received  injections  of  the  ^'Ianila  cultures  at  the 
emi  of  the  tliird  month  six  times  as  ahundant  as  the  group  agglu- 
tinin  acting  on  tlie  Maine  culture  of  Park,  which  represents  a  type 
farther  removed  from  the  colon.  Al  the  end  of  the  fourth  montli  they 
were  fourteen  times  as  abundant.  For  the  dpenterj'  bacillus  (Shiga) 
the  development  of  ugghitinins  whs  the  least. 

Another  point  of  interest  is  that  the  proportional  amount  of  agglu- 
tinins from  the  different  cultures  varied  at  different  times.  If  on  tests 
made  of  a  single  bleeding  we  had  attempted  to  draw  conclusions  as  to 
the  relative  development  of  specific  and  group  agglutinins  Ijetween 
the  cultures,  we  would  have  had  an  imperfect  view.  Many  conllicting 
statements  in  literature  are  undoiibtedlv  due  to  this  lack  of  apprecia- 
tion of  the  voriubility  in  the  reltilive  amount  of  tJiese  two  types  of  agglu- 
linii\s  dtiriug  a  long  process  of  imnnuiiRation. 

The  development  of  group  agglutinins  for  the  three  dysentery  t^i>e8 
caused  by  tfav  injections  of  a  colon  bacillus: 
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amlter  oonditloni  to  tboM  Dam)  In  preTlooa  chart,  esoeptthACB  young  foat  haa  been  umiI  for  the 
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V  Ttsumad*. 


The  Use  of  Absorption  Methods  for  Differentiation  between  Specific 
mud  Qroup  AgKlatinins  due  to  Mixed  Infection  and  to  a  Single  Infection. — 
It  is  now  well  established  that  if  an  infection  is  due  to  one  niicro-oi^an- 
jsio  there  will  be  specific  agjlutinins  for  tlint  organism  ami  group- 
agglutiiiiiis  for  that  an<l  other  more  or  less  allied  organisms.     If  infec- 

iCion  is  due  to  two  or  more  varieties  of  bacteria,  there  will  he  sjiecific 
^luUnins  for  each  of  tlit  iincru-ui^aiiisnis  aud  group  agglutinins 
iroduced  because  of  each  of  theifl. 

Tlie  above  facts  have  been  demonstrated  by  several  investigators. 
*V\it.  following  experiments  selected  from  those  reported  by  Castellani' 
well  illustrate  these  points:  A  rabbit  immunized  to  B.  tvphi  agglu- 
tinated B.  typhi  1:5000,  H.  coli  (31)  1:600.  After  saturation  with  B. 
typhi  all  agglutinins  were  removed  for  both  micro-organisms.    A  rabbit 

^immunized  to  both  TJ.  typhi  and  R.  coU  (31)  agglutinated  B.  typhi 

'1:4000,  H.  coli  (31)  1: 100(1.     (After  saturation  with  B.  typhi  the  se'rura 
did  not  at^gliitinate  B.  typhi,  but  B.  coli  (31)  1:900.)    After  saturation 
witli  R.  coli  it  failed  to  aj^^lutinate  B.  coli  (31),  but  still  agglutinated 
B.  typhi  1:4000. 
Froiu  these  and  other  experiments  Castellani  drew  the  important 

^ctxiclusion^ : 

1.  The  serum  of  an  anini.t)  iinnmniKcd  against  a  certain  micro- 
oi^anism,  when  saturated  willi  that  micro-organism,  loses  not  only 
its  agglutinating  power  fur  thtit  organism,  but  ulsn  for  all  other  varieties 
that  it  formerly  acted  upon.  Saturated  with  the  others,  its  action  upon 
the  first  is  reduced  little  or  not  at  all. 

2.  The  serum  of  an  animal  immunized  against  two  micro-organisms, 
A  and  B,  loses  its  aggUitirmtion  when  saturated  with  A  only  for  A. 
Saturated  with  A  and  B  it  loses  its  agglutinating  power  for  both. 

3.  These  facts  may  be  applied  to  the  diagnosis  of  an  unknown  mixed 

■  TalUcbrfft  f.  Brt.  Bd  xl..  S.  17. 
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infection.  Suppose,  for  instance,  the  serum  from  a  tj-plioid  case  ap;^)u 
tinates  hoth  tlie  lalKiratory  nildm-s  of  the  typlioiti  bacilli  and  those 
of  a  variety  of  tlie  rolon  group.  We  satunite  the  serum  with  typhoid 
bacilli.  If  the  sevum  loses  its  agglutinating  power  for  the  typhoid 
tmcilhis  only,  it  is  a  case  of  mixed  infection  with  iwth  the  tyjihoid 
biicilliui  and  the  type  of  colon  bacillus  uj*e<l  in  the  test.  If  the 
senim  loses  its  agglutination  for  both  the  H.  tj-phi  and  the  B.  coli, 
then  it  is  a  pure  typhoid  infection,  the  B.  coli  having  been  agglu- 
tinated by  the  grou[>-agglutiiun.s  produced  liecanse  of  the  typhoid 
infection. 

Tlie  couchisions  Caslellani  derived  from  the  facts  stated  in  para- 
graphs I  and  2  arc  not  warranted,  liecanse  of  the  fact  thnt  bacteria 
absorb  gnjup  agglutinins  produce<l  by  other  varieties  of  bacteria  and 
which  agglutinins  may  not  apprccialdy  affect  thciu.  The  agglutinins 
in  die  serum  of  the  supposed  case  of  typhoiil  fever  which  agglutinated 
the  test  culture  of  B.  coli  and  were  absorbed  by  B.  tj-phi  were  not,  it 
is  true,  produced  by  the  variety  of  B.  coli  of  the  test  culture,  but  they 
may  have  l>een  produced,  and  in  fact  jirobably  were,  by  some  other 
variety  of  B.  coli.  The  B.  typhi  Is  less  apt  to  produce  abundant  group 
ligglutinins  for  B.  coli  tluin  jire  iitlu-r  vuricties  of  B.  I'oli,  and  it  nbsorljs 
the  gn^up  ngghttiuuis  produced  by  many  varieties  of  the  B.  coli  for 
other  bacteria. 

The  results  of  u  number  of  experiments  carried  out  by  ws  demon- 
strate this,  'llie  following  tables  give  the  outcome  of  several  ex|»eri- 
ments: 

XunOHFiios  iir  THE  TrpH«iD  It.«ciLi.uK  OF  Gtiour  AGnLtiriMNR  Acting  ui'OH  k 

XlTMBICH   OF   VAHlBTlElt  VF   1).   COU   WK[CH   WERE   PRODUCED   VT 

Anothkr  Vahictt  Of  B.  coli. 
Aggtuiinalian  by  Serma  of  Eabhit  Immuniied  lo  Cnlim  Baetilut  X. 

Btlbn)  wMiUuu  of      After  >Uempt  at  ftbaun'U<"> 

tnbofd  iMciiu.     wiU]tn>koidtaMUuu33°a 

Colon  iMClllua  X Wt  KO 

'-     1    .......  am  sg 

"1 BOO  n 

"     t SU  ID 

"4 9H  M 

"A ID  ten  than    10 

"  '*       ft-W       .  .         I«»lhiui      10  '■      ■■       10 

Trpboid  •■ •'     ■■      10  ■■     ■■     10 

The  iibsorption  tests  were  carried  out  by  adding  tlie  bacilli  from 
recent  agjir  ciiltuivs  to  a  10  per  cent,  solution  of  the  serum  in  a  twenty- 
four-hour  bouillon  culture.  The  mixture  was  allowed  to  stand  for 
twenty-four  hours  at  about  '22°  C.  It  was  foumi  that  a  simple  dilution 
of  serum  when  left  at  -17°  C  rapidly  deteriorutetl.  Tims,  in  an  extreme 
instance  a  serum  positive  at  l.'l.VX)',  when  dilulc<l  with  bouillon  or 
salt  .solution  1:25  and  left  at  UT*'  C  for  twenty-four  hours,  lost  'M  to 
40  per  cent,  of  its  strength ;  at  22°  C  it  lost  15  to  20  per  cent,  I-eft  for 
three  hours  only,  the  loss  was  only  ."i  lo  10  per  cent. 
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The  absorption  method  simply  proves,  therefore,  that  when  one 
variet)'  of  liacteria  reninves  all  agg^hitinins  for  a  seronH  the  iijij^'liitiniiis 
uiiiler  (|iiPslioii  were  not  prmiiiced  l»v  llial  seronil  vjiriely. 

Lose  of  Capacity  in  Bact«na  to  be  Agglutinatod  or  to  Absorb  Agglu- 
tinins Because  of  Growth  in  Immune  Sera. — The  loss  of  tliese  ctmruc- 
terislii-s  hv  growth  in  sera  has  iK't'ii  ilctnoristratctl  hy  Marshall  and 
Kno:t.  The  experimeTits  of  1  >r.  CalHns  and  myself  are  ret-onled  ht^ 
cause  they  were  undertaken  in  h  sliglitly  ditferent  way  aiKJ  nlsri  because 
a  certain  number  of  fonfirniiitory  observalioiis  lire  of  vaiiie. 

The  maltose  fermenting  paradysentery  bacillus  of  Klexner  was 
grown  on  each  of  eleven  coiiseciitive  davs  in  fresh  bouillon  solutions 
of  the  senuii  from  it  hoi-se  tnimuni/ed  through  oft-repeatefl  injections 
of  the  harillus.  The  solutiims  used  were  lit,  1.  ami  15  per  rent.  The 
serum  ugglutiimtt-d  the  culture  U'fore  its  treutiuent  in  dilutions  up  to 
1:800,  and  was  strong'ly  baclerieidal  iu  animals.  After  the  eleven 
transfers  the  culture  grown  in  the  15  \xr  cent,  solution  ee».se<l  to  be 
&gp)utitmted  by  the  serura  and  eeased  to  absorb  its  s|n'ei(ic'  ag^jliilinius. 
The  eiihures  grown  in  the  I..')  arid  I  pt-r  cent,  solutions  affgUilinated 
well  in  dilutioiis  up  to  1  :(iO  ami  1 :  100  and  continued  to  aljsorb  agglu- 
tinins. The  recovery  of  the  capacity  to  be  a^lutinate^l  was  verj-  slow 
when  the  culture  was  from  lime  t<i  time  transplanted  on  nutrient  agar. 
After  growth  for  sixteen  weck.s,  during  uhinh  it  was  trans plante<I  forty- 
three  limes,  it  agglutinated  in  dilutions  of  1 ;  200.  The  I'niloro  grown 
ID  4  per  cent,  agglutiimted  l:.'>i)0,  and  the  one  in  1.5  per  cent.  l.SOO. 
This  diminution  and  final  cessutiou  of  development  of  agglutinahle 
ffubstBDCC  in  bacteria  grown  in  a  serum  rich  in  agglutinin  luwl  Imnuine 
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bodies  is  interesting  both  as  showing  the  variatirm  of  th«  bacteria  and 
as  one  means  of  a4(ajitirg  themselves  lo  resist  destruction,  since  (he 
bacteria  which  ceased  lo  produce  agghitiiiahle  substance  probably  also 

Erniiureil  less  substance  with  aflinity  for  other  antibodies.     This  inhi- 
ition  of  the  production  of   agghitinable   substance   was    also    very 
noteworthy  in  the  case  of  pneuinococei  grown  in  serum  media. 

Relation  between  Agglatinating  Bactericidal  Fower.— In  spite  of  proof 
to  the  conlrar)*  many  good  observers  liold  lo  the  belief  that  there  is 
some  relation  between  the  agghiliiiating  and  tlie  iMctericidal  strength 
of  a  senim.  The  tests  we  carried  out  on  the  senim  of  a  numlier  of 
horses  showeil  no  such  relation.  In  Fig.  ".T  jire  recortlwl  a  niim- 
lier  of  coiiipanitive  tests  during  ft  period  of  sixteen  months.  For  the 
tests  of  the  baeterieidal  power  of  thescnira  we  arc  indebted  to  Or.  Mary 
R.  Goodwin.  She  also  showed  that  there  was  a  production  of  group 
as  well  as  specific  immune  bodies  in  the  animals  receiving  prolonged 
injections.    Tlie  results  of  her  experiments  will  be  published  later. 

Via.  IB 
l«ad2     3*Q<14    ftftodO    TkBdS    tuilll)    II  aud  12    JSandK    lludl* 


1:I200        Fftt&l 


i:  900 


1:  BOO 


l:  700 


r:  600 


t;  500 

_kj*00 
I-  30'0 


doses 


pr<ftfc1<d 


Icei 


_*0_ 
33 


SjO 


2.5 


ZO 


I.S 


I:  200 
I : J  Off 
l:     00 


1.0 


7^ 


n 


vl 


-^ 


IMlMl«n  of MilWlDsllvfl  |xnr«rlo  baolMlcldiU,    Hnras  Inject*'!  with  HuilUealtnraoTBr  i 

period  of  •lxl««d  moaltu. 
■ AcKltitlnoitoD  Index.  RMUrieid&l  indn. 


YarUiion  in  tlie  A^glatlniitlnff  Strength  ol  a  Serum. — There  is  usually 
a  continued  intrease  in  the  amount  of  agglutinin  in  tite  blooil  of  an 
infected  person  from  the  foiirtli  ilay  until  cnuvalescence  and  then  a 
decrease.  At  times,  however,  there  is  a  marked  variation  from  day  to 
day,  so  that  it  uiay  be  abundantly  present  one  day  and  almost  absent 
the  next. 


PART  IT. 

BACTERIA  PATHOGENIC  TO  MAN  INDIVIDUAllY 
CONSIDERED. 


CHAPTER   XVII. 


THE  BACILLUS  AKD  THE  BACfERlOLOGY  OF  DIPHTHERIA. 

Hbtorical  Not«B. — The  specific  contagious  disease  which  we  now  call 
diphtheria  can  be  traced  back  under  various  names  to  almost  the  Homeric 
period  of  Grecian  history.  The  Greeks  believed  thHt  it  had  been  com- 
municated to  their  country  from  Egypt.  The  description  of  the  pharyn- 
geal and  laryngeal  manifestarions  of  this  disease  left  by  Aret^us  leaves 
no  doubt  that  it  was  of  diphtheria  that  he  wrote.  I'lom  time  to  tim* 
during  the  following  centuries  we  hear  of  epidemics  both  in  Italy  and 
ill  other  portions  of  the  civilt'/.ed  world  which  iiuliciiM'  that  the  di.scase 
never  absolutely  ceased.  The  disease  early  crossed  to  America,  and 
in  the  New  Knglnnd  States  we  get  clear  acconiiLs  of  its  ravages. 

In  1765  Home,  a  Scotchman,  tried  to  show  that  "croup"  and  pharyn- 
geal diphtheria  were  dilferent  diseases,  and  tliis  subject  remnbed 
under  controversy  imtil  it  was  settled,  through  bacteriological  examina- 
tions, that  while  most  cases  were  undoubtedly  diphtheria,  a  few  were 
not 

In  1771  Bard,  an  American,  supported  the  opposite  theorj*  from  Home, 
considering  the  process  the  same  wherever  located.  His  observations 
upon  iliphtheria  were  very  important  and  accurate. 

In  1821  Bretonneau  published  his  first  essay  on  diphtheria  in  Paris 
and  gave  to  the  disease  its  present  name.  His  obsen'ations  were  so 
extensive  and  so  correct  tliat  little  advance  in  knowledge  took  place 
until  the  causal  relations  of  the  diphtheria  bacilli  and  thetr  associated 
micro-organisms  to  the  disease  began  to  Iw  recognized.  Since  tlien 
die  combined  clinical,  bacteriological,  and  pathological  studies  have 
sufficed  to  make  diphtheria  one  of  the  best  understood  of  diseases. 

The  Diphtheria  BaciUns. 

Discovery. — In  the  year  1SS3,  bacilli  which  were  very  peculiar  and 
striking  in  apjjearance  were  shown  l>y  Klelis  to  be  of  constant  occur- 
rence in  the  [>3«udomenibranes  from  the  throats  of  those  dying  of  true 
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epidemic  diplitheriti.  One  year  Inter,  LoeSler  piiblbhed  the  results  of 
a  very  thorough  nnil  e-xlpusivf  serit-s  of  investigations  on  thLs  subject. 
He  found  the  bacilhta  <jescrihe<i  by  Klebs  in  many  cases  of  throat  iiiHiiiD-- 
malions  which  had  Ix-cn  diagnosticated  as  diphtheria.  He  separated 
these  hacilH  from  the  other  bacteria  present  and  obtainetl  tliem  in  pure 
culture.  When  lie  inoc\ilated  the  bacilli  upon  the  abraded  uuicous 
ineiiiliraiK"  of  suscf^ptibie  animals  more  or  less  olmracleristic  pseiido- 
memhrunes  were  produced,  und  fret^uenlly  death  or  paralysis  followed 
with  characteristic  lesions. 

In  1SS7-HS  further  studies  by  I>oeffler,  Roux,  and  Yersin  added  to  the 
proof  of  the  dependence  of  diphtheria  on  this  bacillus.  It  was  found 
that,  while  no  other  fonns  of  bacteria  were  constantly  met  with,  the 
diphtheria  bacilli  were  present  in  all  characteristic  ca-ses  of  diphtheria, 
and  that  these  hncilH  posse-s-wd  the  morpholopcal,  cnltnriil,  and  patho- 
genic {pialities  i>f  thix-w'  lii-scrilu'd  bv  Klebs  and  fyoeffler.  The  results 
of  these  investigutions  have  since  been  confirmed  by  a  great  number 
of  coinbiiied  ditiical  and  bacteriologii^l  oljser\'ations  both  in  animals 
and  human  Iteings. 

Human  Inoculation  Exparimenta.  ~A  ver^'  instructive  accidental  ex- 
periment was  carried  out  under  our  ol>ser\atiun  some  years  ago.  One 
of  tlie  investipator.s  unintentionally  drew  quite  a  quantity  of  a  bouillon 
culture  of  a  virulent  diphtheria  bacillus  into  the  throat,  and  two  days 
later  characterLstic  diphtheria  of  a  serious  ty|)e  rleveloj>ed.  Similar 
aeeidonts  have  happened  in  two  other  laboratories.  In  view  of  known 
fads,  we  an.'  now  justified  in  snying  that  the  name  diphtheria  shonld  Ijc 
applial.and  exclusively  applied,  to  that  acute  infectious  disease  u-sually 
associated  with  pseudomembranous  afTeetion  of  the  mucous  membranes 
which  is  primarily  caused  by  the  bacillus  diphtheria^  of  Xxieffier. 

Morphology. — \Vhen  cover-glass  preparations  made  from  the  cul- 
tures grown  on  hlood  serum  are  examined,  the.fliphtheria  bacilli  are 
found  to  possess  the  following  morphological  characteristics:  The 
diameter  of  the  bacilli  varies  from  0.3  to  O.S/i  and  the  length  from  1 
to  G/t.  'n»ey  occur  singly  and  in  jmirs  fsee  Figs.  74  to  .SI)  and  very 
infrequently  in  chains  of  three  or  four.  Tlie  rwls  are  straight  or  slightly 
curved,  iin(i  usually  are  Tmi  uniffiriuly  cyliiidrical  througlunit  their 
entire  length,  but  are  swollen  at  Uie  end,  or  pointed  at  the  emls  and 
swollen  in  the  mid<lle  portion.  The  average  length  of  the  bacilli  in 
pure  cultures  from  ditlerenl  sources  fre(|uently  varies  greatly,  and  even 
from  the  same  culture  individual  Iwcilli  differ  much  in  tlieir  size  and 
shape.  This  is  especially  inie  when  the  bacilli  are  grown  iti  association 
with  otlier  Uicterta.  The  two  bacilli  of  a  pair  nmy  lie  with  their  long 
diameter  in  the  same  axis,  or  at  an  obtuse  or  an  acute  angle.  The 
bacilli  piisscss  no  sjMires,  but  have  In  them  highlv  refractilc  bo*lies. 
some  i>f  which  are  the  starting  point  for  ne%v  bacilli. 

Staining. -Tlie  Klebs-lxieffler  bacilli  Mnin  readily  with  onlinary 
aniline  dyirs.  and  retain  fairly  well  their  color  after  staining  by  Gram's 
method.  With  Loeftlcr's  alkaline  solution  of  methylene  blue,  and  to  a 
less  extent  with  other  weak  staining  solutions,  the  bacilli  from  blood- 
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serum  cultures,  especially,  and  from  other  media  leas  constantly,  stain 
ill  an  irregular  and  extremely  characteristic  way.  (See  Fig.  74.)  The 
hacilli  do  not  stain  uniformly.  In  many  cultures  round  or  oval  b<«lies, 
situated  at  the  emls  or  in  the  central  portions,  3tain  much  more  intensely 
than  the  rest  of  the  bacillus.  Sometimes  these  highly  sdiined  bmlies 
are  thicker  than  the  rest  of  the  bacillus;  again,  they  are  thumer  and 
surrounded  by  a  more  slightly  stained  portion.  The  bacilli  stain  in 
this  peculiar  manner  at  a  certain  period  of  their  growth,  so  that  only 
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Flo.  74.— Omsof  t«r)*  ol'^racUriflLlc  (OnHflof  dlpbtlHriftbtellll  fram  blocMl-Mmm cultural  sbowlng 
elabbedendianil  Invf-nlnrnaln.    X  llCDdlamatem.    8ulti.  toMhrlene  blue. 

FM.  7&.-~Kxtrstiw))r  Idbk  TartD  of  dlphtheiU  bkclllua.  ThbcuIlorehu  ktpwbod  artUlalsl  modlk 
Jtar faDrTe*r>UKl  pniduMialning  lAitn.     <  iiuDdlAnniiun. 
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Fig.  77 


Fin.  7A— I>i^tlicrl>  ti«cll!l  clikn«t«ri«llc  In  ■h>p«a,  \n\\  nbuwliig  er«ii  vUininit.  In  aiipe*ranoa 
irtialtar  to  (be  xenwlf  bacillan.     -:  llOOiUauK'lorm.    StAln,  mMhylms  bluw. 

na.  77.— Naa- VI  ml  en  I  dtphtticrlii  bacilli,  ■bowing  itAln  vtllfa  NMsmVa  saliitlDtu.  mppoaed  10  be 
ehafscieilftlc  or  vlrulml  bucllll.    BrxUtn  of  bwclIU  lu  aiueur,  Iklnl  brow  n  ;  (xitnU.  dArk  ttlnt. 

a  portion  of  the  organisms  taken  from  :i  culture  at  any  one  time  will 
show  the  characteristic  staining.  In  old  cultures  it  is  often  difficult 
to  staiii  the  bucilH.aiid  tlir  staining,  when  it  ihvs  oeriir,  i.s  fre(|iientJy 
not  at  all  rharartcristic.  The  .smiie  round  or  ova!  bodies  whirli  lake 
the  methylene  blue  more  inten.-jcly  than  the  rcmaiu»ter  of  the  bacillus 
are  brought  out  still  more  distinctly  by  the  Neisscr  stain. 

The  Xeisser  stain  is  carried  out  by  placing  the  cover-slip  smear  of 
diphtheria  or  other  l>acilli  iu  sohition  No.  1  for  from  two  to  three  sec- 
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onds,  and  then,  ufter  wastiing,  in  No.  2  for  from  three  to  five  seconds. 
The  Iwicilli  will  then  jipjH'ar  either  entirelv  brown  or  will  show  at  one 
or  both  euds  a  dark-blue,  round  body.  With  characteristic  diphtheria 
bacilli,  taken  from  a  twelve  to  eighteen  hours'  growth  on  scrum,  nearly 
all  will  show  the  blue  bodies  (Fig.  761,  while  with  tlie  pseudot^-pc-  ("Fig. 
>i3,  page  197),  to  be  described  hereafter,  few  will  lie  seen. 
The  solutions  are  as  follows: 

No.  1. 

Alcolin]  (90  [wr  txni. ) 20  |i«rti>. 

Methylene  blue  (GrUbler) 1  pure. 

DisliUed  water     .......  950  partH. 

AvelicacidCglaoltl) 60     " 

Nn.  2. 

Biimarck  brown 1  purt. 

BQiting  distilled  water fiOOpartfl. 

The  Neisser  stain  has  been  advocated  in  order  to  separate  the  \Tru- 
lent  from  the  uon-vindeait  bacilli,  withniit  the  delay  of  inoculating 
animals;  but  in  our  hands,  with  a  verv  large  experience,  neither  the 
Neisser  stain  nor  other  stains,  such  as  the  niorlififations  of  the  Roux 
stain,  iiave  given  much  more  information  as  to  tlie  vindence  of  tlte 
bacilli  than  the  usual  nicthylenc-blue  solution  of  Locffler.  A  small 
percentage  of  virulent  bucitli  fail  to  take  the  Xeisser  stain,  and  quite  a 
few  non-vindeiit  pscu(io<liphthcrift  bacilli  show  the  dark  IkkIIcs.  In 
New  Vork  there  are  also  a  large  number  of  bacilli  which  seem  to  hav« 
all  the  staining  and  cultural  characteristics  of  the  virulent  bacilli,  and 
vet  are  non-virulent  in  the  sense  that  they  produce  no  specific  toxin. 
To  one  who  is  accustotned  to  the  I/OefBerstaiu  it  gives  as  much  informa- 
tion as  any  other,  tis  to  the  specific  virulence  of  the  bacilli.  The  Nelsscr 
stain  as  well  iis  some  others  will  uiidiiubtedly  ciiiise  the  examiner  to 
suspect  more  .strongly  some  bacilli  of  being  vindent  than  the  Loefiler 
stam,  but  with  the  varieties  met  with  in  New  York  this  suspicion  is  as 
apt  to  tie  wrong  as  right.  As  will  be  stated  more  fully  later,  nothing 
but  animal  inoculations  with  controlinjections  of  authoxin  will  separate 
bacilli  capable  of  producing  diphtheria  toxin  from  others. 

'I'he  Hjurphology  of  the  iliphtheria  bacillus  varies  coasiderahly  with 
dilTeretit  culture  media  employetl.  On  glycerin  agar  or  simple  nutrient 
agar  there  are  two  distinct  tyi»es.  Ouc  grows  iia  smaller  ami,  as  a  rule, 
more  regular  forms  tlian  when  grown  on  serum  culture  meilia  (Fig.  78). 
The  other  t>'pc  shows  many  thick,  ludiau-clubbcd  forms  with  a  moderate 
number  of  segments.  Short,  spindle,  lancet,  or  clul>-ahaped  forms, 
staining  uniformly,  are  all  obser\'ed.  The  bacilli  which  have  dereloped 
in  the  pseudomemhranes  or  exudate  in  cases  of  diplitheria  resemble  in 
shape  young  bacilli  grown  on  blood  serum,  but  slain  inore  evenly. 

Biology. — ^The  Klebs-Loeffler  bacillus  is  non-motile  and  non-Hque- 
fving.     It  w  aerohic.     It  grows  niiwt  readily  in  the  presence  of  oxygen. 
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but  also  without  i(.  It  does  not  form  spores.  It  begins  to  develop,  but 
grows  slowly  at  o  teniperauire  of  20°  <'.,  or  even  less.  It  atlaiiis 
ii3  inaxiiiiuiii  developiucnt  iit  37°  C.  In  old  cultures  in  fluid  media, 
Williams  has  observed  fusion  of  one  bacillus  with  another.  The  fused 
forms  live  the  longest. 

Reviitance  to  tlvvi.  Drying,  and  Chemicnh.— lis  thermal  deatli  point 
with  ten  minutes'  exposure  is  about  flO°  C.    BoHiug  kills  in  one  minute. 


Fio 


Pin.  711 


V 


■;* 


y<.'^-\. 


Vm,  18.— DIpfaltaerla.  bM-llU  f  rum  ofpit  eulluro.     >(  1000  dlunstam. 

no.  T9.— B.dlphlhehD.  No.  Ut.  FMrtj-dgbt  tumn'a^arcuUat*.    TItIck,  iuvdtiim.cliibbe(l  roris  and 
nodeimlB aiunbw of  itemuenu.    One  year  ouuililclftl  culture  niMUm.    x  UlOdUioetvm. 


rta.m 


Fta.Sl 


no.  U.— n.  d1  pill  lit  tlK.  No.  jT.  Fonjr-ciickl  Iioun'  a«u-  culluro.  Unny  Begmvnti;  luus.  laollum- 
dnbbed  eoda.    ODcrmron  KMJliclal  idmIU.    a  1410  dlBiti«ter*i. 

Tta,  tl.— U  dl|i>hil»n«,  H.  Twuuty-rour  boon'  aftr  onltUTO.  Coccus  fornai.  StgOMnUd  cruQlftr 
fanM  DO  \MBaf*  wrum.  Only  TUletj  fouod ;  ckms  of  dlptatbrHii  At  Ohlldren'i  Qoine.  x  1410 
dlunMcn. 

It  is  more  easily  destroyed  by  disinfectants  than  many  other  bacteria. 
In  the  drj'  state  and  exposed  to  HiHfusc  light  diphtheria  bacilli 
usually  die  in  a  few  days  or  may  Uve  for  w»*eks  or  month.s;  when 
in  the  dark,  or  protected  by  a  film  of  mucus  or  albumin,  they  may 
live  for  even  longer  [MTlods.  Thus  we  found  scrapings  from  a  dry 
bit  of  membrane  to  cont.-iin  vigorous  and  vimlent  living  luirilU  for  a 
wriod  of  four  montlis  after  reniuval  from  the  throat,  and  if  the  mem- 
brane hail  not  been  at  timt  tinitr  c(tnipletely  used,  living  Itacilli  could 
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probably  have  been  obtuined  for  a  much  longer  pencil.  On  state-  and 
Ifftd-penriU,  as  well  as  on  jmper  motH^y,  they  may  live  for  wveml  weeks, 
while  nil  eoiiis  they  <lie  In  twelve  to  (hirlv-six  hours.  In  culture  media, 
when  kept  at  the  blo(Kl  heat,  they  iisnally  die  after  a  few  weeks;  but 
under  ivrtain  conditions,  as  when  sealed  in  tut>es  and  protected  from 
heat  and  lijjlit,  they  retain  their  virulence  for  years.  The  Imeillus  is 
not  -sensitive  to  cold,  for  we  found  it  to  retain  its  virulence  after  exposure 
for  two  hours  to  several  hundred  degrees  Wlow  ?*ro. 

Growth  on  Onlture  Media. — Blood  skktm,  espeeialiy  coagulated  in  the 
fonu  of  Loeffler's  Miixiuie,  is  ihe  mast  favorable  niediiun  for  the  growth 
of  the  diphtlieria  l>aeilUi3,  and  is  used  partictthirly  for  diagnostic  pur- 
poses in  exuininiug  eiiUnn's  from  the  throatji  of  [tersons  susiK'Cted  of 
having  di[ihthen}i.  For  its  prepHmfion,  see  p.  ol.  If  we  examine 
the  growth  of  the  diplitheria  bncilltib  in  pure  culture  on  blood  serum 
we  shall  find  at  the  end  of  from  eight  to  twelve  hours  small  coloniea 

of  bacilli,  which  appear  as  pearl- 
gray,  wliitish-gray,  or,  more  rarely, 
yellowish-gray,  slightly  raised  points. 
Tlie  colonies  when  separatetl  from 
each  other  may  increase  in  forty- 
eight  hours  so  that  the  diameter 
riuiy  he  one-eighth  of  an  inch.  The 
borders  are  usually  somewhat  un- 
••vcn.  Tlie  colonics  lying  together 
become  confluent  and  fuse  into  one 
nia.s.«  when  the  .*ierum  is  moist. 
l>urin(;  the  first  twelve  hours  the 
colonies  of  the  iliphtheria  bacilli 
are  about  equal  in  size  to  those  of 
the  other  piithogenie  Iwctcria  which 
Lijxiiamewm.  Te  often  present  in  the  throat;  but 
after  this  time  the  diphtheria  col- 
onies become  larger  than  those  of  the  streptococci  and  smaller  than 
those  of  the  staphylococci.  The  diphtheria  bacilli  in  their  growth  never 
liquefy  the  blood  serum. 

(iRovvTH  ON  .ArjAR. — On  I  per  cent,  slightly  alkaline,  plain  nutrient 
or  glyeerin-agar  the  growth  of  the  diphtheria  bacillus  is  less  certain 
and  hixni-iant  thun  upon  blu<Ml  sennn;  but  the  ajipeamnce  of  the  colo- 
nies when  examined  under  a  low-power  leas,  though  very  variable, 
is  often  far  more  chanieterUtie.  (Siee  Fig.  S2,  and  Fig.  44,  {mge  fi2.) 
For  this  r^'ason  nutrient  agar  in  Petri  flishes  is  used  to  obtain  diph- 
theria bacilli  in  pure  culture.  The  diphtheria  bacilln.s  obtained  fn>ra 
cultures  which  have  develo]>ed  for  some  time  on  culture  me<iia  grows 
well,  or  fairly  well,  on  suitable  nutrient  agar,  but  when  fresh  fn>m 
pseudoniembrane.s  one  prevalent  type  of  bacilli  grows  on  these  media 
with  j;rrat  difficulty,  and  the  colonies  develop  .so  slowly  as  to  be 
frv<]uenlly  covewd  iqi  by  the  more  hixuriant  growth  of  other  bacteria 
when  present,  or  fail  to  develop  at  all. 
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If  the  colonies  develop  deep  in  ihe  substuiice  of  the  agar  they  are 
nsuaUy  round  or  ovnl,aiK],  as  a  nile,  present  nn  extensions;  but  if  near 
the  surface,  cuminonlv  from  one.  Imt  .sometimt-s  from  both  sitles,  they 
spread  out  an  apron-like  extension,  which  exceeds  in  surface  area  the 
rest  of  the  colony.  When  the  colonies  ifevelop  entirely  on  the  surface 
they  are  more  or  less  wwrsely  giunular,  and  nsuaUy  have  a  dark  centre 
an<l  vary  \^t\  much  in  tlieir  thickness.  The  colonies  from  some  are 
almost  translucent;  others  an'  thick  and  iilniust  as  luxuriant  tls  (he 
sta])hylt>cocctis.  The  edges  are  sometimes  jjigged,  and  frequently  shade 
off  iiilf)  a  delicate  lace-like  fringe;  at  other  times  the  margins  are  more 
even  and  the  colonies  are  nearly  circular.  With  a  high-pf>wer  lens  the 
edges  show  sprouting  bacilli.  The  c()h)i»ies  are  gray  or  grayish-white 
by  reflecte<l  light,  and  pure  gray  with  an  olive  tint  hy  transmitted  light. 

The  growth  of  the  diphtheria  bacillus  upon  agar  presents  certain 
peculiarities  which  are  of  practical  importance.  If  a  larf;e  number  of 
the  hacilli  from  a  recent  culture  are  iniplnntetj  upmi  a  properly  prepare*! 
agar  plate  a  <t'rtaiii  and  fairly  vigorous  growth  will  always  take  plaee. 
If.  however,  the  agar  Is  inoculated  with  an  exmlate  from  the  throat, 
which  contnius  but  few  bacilli,  no  growth  whatever  niay  occur,  while 
the  (ul»es  of  coagulated  blood  serum  inoculated  with  the  same  exudate 
contain  the  bacilli  abundantly.  Because  of  the  uncertainty,  therefore, 
of  obtaining  a  growth  by  the  uioculalion  of  agar  with  bacilli  unaccus- 
tome<l  to  thi.<y  metlium,  agar  is  not  a  reliable  medium  for  use  in  primary 
cultures  for  diagnostic  purposes.  A  mixture  composed  of  two  parts  of 
a  l.."i  jKT  cent,  nutrient  agar  and  one  part  of  sterile  ascitic  Huid  makes 
a  metlium  upon  which  the  bacillus  yrows  much  more  hixnriaiilty,  but 
not  3*1  characteristically.  The  niixtun-  is  made  by  iiddiiig  ascitic  Huid, 
wanned  to  alwut  45°  to  .'iO"  C,  to  the  tubes  containing  the  melted  agar 
coole«l  to  fitV  C.    After  shaking,  the  Petri  plates  are  filled. 

Isiflaliuti  (if  the  Diphflirrin  Barilluv  from  Plnte  f'H?/Hre*.^N'uLrIent 
plain  or  glyceriti-agar  is  the  medium  employed  to  get  by  plating  nietlnKls 
a  pure  culture  from  the  original  serum  tube.  The  agar  should  be  freshly 
melte^l  and  poure<l  in  the  Petri  dish  for  this  purpose.  After  it  has  hard- 
ened, the  layers  in  u  number  of  plates  are  streaked  across  with  bacteria 
from  colonies  on  the  serum  culture,  which  apf>ear  in  size  and  color  like 
the  diphtheria  bacilli.  Other  jilates  are  made  from  a  general  mi.\tiire 
of  all  the  bacteria,  selected,  as  a  ruh*.  frum  the  drier  portion  of  the 
serum.  Other  pbites  aiv  inticnialed  frnm  the  pelHcle  of  an  a-scitic  broth 
culture.  The  plates  are  left  in  the  incubator  for  al>out  sbcteen  hours  at 
37*  C.  In  tJie  exatuiimtion  of  (he  plates  one  should  first  seek  for  tvpical 
colonies,  and  then  later  for  any  that  look  moat  nearly  like  the  character- 
istic picture.  Diphtheria  c<ilonies  arc  very  apt  to  be  found  at  the  edge.i 
of  the  streaks  of  bacterial  growth. 

Gkowth  in  Itoi]L!X>N. — ^The  diphtheria  bacilli  from  about  one- 
half  (he  cultures  grow  reailily  in  broth  sliglitly  alkaline  to  litmus;  the 
cither  ndtures  gn»w  very  feeblv.  The  characteristic  grfiwih  in  neutral 
bouillon  is  one  showing  fine  grains.  These  deposit  along  the  sides  antl 
i*ottom  of  the  tul>e,  leaving  tin*  broth  niwrly  clear.     \  few  cuUur»s  in 
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neutral  houillon  and  m&ny  in  alkitHne  Iwuillon  produce  for  twent^r- 
four  or  fortv-fig}it  hours  h  uiotv  (ir  less  (iiffuse  duudiiiess,  and  fre- 
quently a  filiu  forms  over  the  stirfaee  of  the  brotb.  On  shaking  ihe 
tulw  this  Bhn  breaks  up  and  slouly  sinks  to  the  bottom.  This  film  is 
apt  to  develop  during  the  growth  of  cultures  which  have  long  been 
cultivated  in  bouillon,  and,  indeed,  after  a  time  the  entire  development 
utiiv  appear  on  (.he  surface  in  the  form  of  a  friable  pellicle.  'V\ie 
diphtheria  iKieilhis  in  its  growth  causes  a  fermentatioit  of  meat-sugars 
and  glucose,  ami  thus  if  these  ai-e  preseut  changes  the  reaction  of  the 
bouillon,  rendering  it  distinctly  less  alkaline  within  forty-eight  hours,  and 
then,  after  a  variable  time,  when  all  the  fcmientablc  sugars  have  been 
decomposed,  more  idkuline  again  through  Ihe  progressing  fermenta- 
tion of  other  subRtnnces.  Among  the  pro«lucts  formed  by  its  growth 
is  the  diphtheria  toxin. 

(Ihowtm  I.N  Ascitic  ok  -Skkijai  Houilujn. — Oiphtlieria  bacilli  grow 
well  in  this  medium,  even  when  first  removed  from  the  throat.  They 
flhnost  always  form  a  slight  pi-Uicle  at  tlie  end  of  twenty-four  to  forty- 
eight  hours.  To  the  nutrient  bmiiilcin  2.j  per  eetit.  ascitic  fluid  or  blotMl 
senmi  Lsmldcd.  This  culture  nie<lium  is,  as  pojiite<l  out  by  Williams, 
of  the  greatest  value  in  attempts  to  get  pure  cultures  of  tlie  diphtheria 
bacillus  from  sc)li<lifieil  serum  cidtures  containing  few  bacilli. 

Growth  o.v  Gelatin. — The  growth  on  this  medium  is  much  slower, 
more  .scanty,  and  less  characteristic  than  that  on  the  ntlier  media  men- 
tioned, on  account  of  the  lower  temperature  at  which  it  must  be  used. 

Growth  ik  Mii.k. — The  diphtheria  Ivtcillus  grows  remlily  in  milk, 
begiiming  to  develop  at  a  comparatively  low  temjjerature  (20*  C), 
Thus,  milk  having  beronie  inoculatetl  with  the  bacillus  from  some  cases 
of  diphtheria  may,  under  certain  conditions,  Ix-  the  means  of  c<jnveying 
infection  to  previously  healthy  persons.  The  milk  remains  unchanged 
in  appearance. 

Pathogene«li.— The  diphtheria  bacillus  is  pathc^nic  for  guinea- 
pigs,  rabbits,  chickcnS]  pigeons,  small  birds,  and  cats;  also  in  a  lesser 
degree  for  dogs,  goats,  cattle,  au<l  horses,  but  liardly  at  all  for  rats  and 
mice.  In  spite  of  its  pathogenic  qualities  for  these  animals  true  diph- 
theria occurs  in  them  with  extreme  rarity.  .\s  a  rule,  supposed  diph- 
theritic iiidaiiiuuitions  in  them  are  due  to  other  bacteria  which  cannot 
]inxluee  the  ilisease  in  man. 

The  vinileiice  of  diphtheria  bacilli  from  different  sources,  as  meas- 
ured by  tlieir  (o.xin  production  in  bouillon,  varies  enormously,  but  in 
ascitic  Huid  it  is  tnore  alike.  Thus  0.002  c.c.  of  a  forty-hour  bouillon 
culture  of  one  bacillus  will  kill  a  guhiea-pig,  which  it  would  require  1  c.c. 
of  Ihe  culture  of  another  bacillus  to  kill.  Thb  difference  frequently 
depend.^  on  the  unequal  growth  of  the  bacilU;  one  culture  having  fifty 
times  as  many  bacilli  as  the  other.  The  same  inarkeil  variation  occurs 
in  the  amount  of  toxin  produce^l  by  different  bacilli  in  their  growth 
outside  of  the  bwly.  ^ion>over,  the  tliphtheria  bacilli  differ  greatly 
in  the  lenneily  with  wliirh  ihey  reliiin  (heir  virulence  when  grown 
outside  the  hodv.     The  bacilhis  that  we  have  used  in  the  labora- 
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tory  of  tlie  Board  of  Healtli  lias  retained  ite  virulence  almost  unalteretJ 
for  ten  wars  iti  lioiiiUon  L-iiUures.  Other  bacilH  liave  lost  50  jKr  cent. 
of  their  viriiience  nfter  Itring  kept  only  a  few  iTKiiiths.  The  piissa^  of 
diphtheria  l»acilli  ihrouph  the  iKxIies  of  siisceptil)le  animals  Hoes  not 
inrrease  their  toxin  prnductioii  to  any  considerable  extent. 

At  tlie  »iito[isy  of  uniiimU  'lying  from  the  poisons  prtxluceil  by  the 
iKieiUi,  the  ehiinicterislic  lesions  descrilied  by  Loeffler  are  found.  At 
the  seat  of  inoculation  tliere  is  a  grayish  focus  surnHnuled  by  an  area 
of  congestion;  the  subcutaneous  ti.ssue3  for  some  distanee  around  are 
a?dematous;  the  adjacent  lymph  utxies  are  swollen;  and  the  serous 
cavities,  especially  the  pleura  and  the  pericardium,  frequently  contain 
an  iwcess  of  fiuid,  usually  clear,  hut  at  times  turbid;  the  hmgs  arc  gen- 
erally congested.  In  the  organs  are  found  numerous  smaller  and  larger 
masses  of  necrotic  cells,  which  are  permeated  by  leukocjies.  The 
lieart  and  certain  voluntary  muscular  fibres  and  tissues  of  nerves  usually 
show  degeiieraiive  clmnges.  ( )cca.sionallv  tfiere  is  fatty  degeneration 
of  the  liver  and  kidneys.  The  number  nf  leukocytes  in  the  blood  is 
increased.  From  the  area  surrounding  the  point  of  inoculation  viru- 
lent bacilli  may  be  obtained,  but  in  the  internal  organs  thev  are  only 
occasionally  found,  unless  an  enormous  number  of  bacilli  hai'c  been 
injecteil.  Paralysis,  ccjniriiencing  u.sually  in  the  posterior  extremities 
and  then  gradually  extending  to  the  whole  body  and  causing  death  by 
paralysis  of  the  heart  or  respiration,  Is  also  produced  in  many  cases  in 
nhich  the  inoculated  animals  do  not  succumb  to  a  too  rapid  intoxication. 
In  a  number  of  animals  we  have  seen  recovery  take  place  three  to  six 
weeks  after  the  onset  of  the  paralysis.  The  occiirrence  of  these  par- 
alyses, following  the  intro*liirtinn  of  (lie  diphrluTJa  bacilli,  completes 
the  resemblance  of  the  ex]jerimcntal  disease  to  tlie  natural  malady  in 
nmn. 

IMphtberis  Toxin.— It  is  evetlent  that  a  nncro-organisin  which,  wlien 
injected  snbtutancously,  destroys  the  life  of  susceptible  animals  and 
produces  such  markeil  anatomical  changes  in  the  internal  organs,  while 
it  is  found  only  at  or  near  the  point  of  inoculation,  must  owe  its  patho- 
genic power  to  the  formation  of  a  poison  which,  being  absorbed,  gives 
rwe  to  toxn-niia  and  deiitli.  This  poison  or  toTiri  has  bwn  partially 
isolated  by  Iloux  and  Versin,  and  olhers,  by  filtration  through  porous 
porcelain  from  rullnre.s  of  ibr  living  bncllli.  It  has  not  yet  been  suc- 
(H^usfully  analyzed,  so  that  its  fhenilcal  composition  Is  unknown,  but 
it  has  many  of  the  properties  of  proteid  sulwtances,  and  can  well  be 
desigiiaied  by  the  Icnri  active  pmleid.  The  poison  prwluced  is 
probably  composed  of  a  mixture  of  several  nearly  related  toxins. 
Diphtheria  toxin  is  totally  destroyed  by  boiling  for  live  minutes,  and 
loses  some  9.')  per  t»nt.  of  its  strecigth  when  exjxised  to  75'^  C  for  the 
same  time;  73*  C.  destroys  oidy  about  S5  per  cent,  and  fiO°  very  Ijtile. 
I-ower  lemperatiipps  only  alter  It  very  grailually.  Kept  from  liglit  and 
air  and  in  cold  storage  it  ileteriorafes  very  slowly,  The  views  of 
Khrlich  and  Madscn  as  (o  the  nature  of  toxins*  will  Im?  considered 
in  the  chapter  under  its  relations  to  antitoxin. 
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The  ProdoctioD  o!  Toxin  in  Ouliure  MediK. — The  aiiiBcinl  pixxluclion 
of  to\in  ill  cniltures  of  the  ili])litii(.*ria  liacilliis  lias  licrii  foiiiKl  trMlcpcm] 
u|>nn  definite  coiulitiuiis,  wliich  are  of  practical  importance  in  obtaining 
toxin  for  (he  ino<-nlation  of  liorses,  nnci  also  of  theoretical  interest  in 
explaiiung  why  cases  of  a])pare]itly  equal  local  severity  have  such 
different  deprees  of  toxic  absorption.  The  rescurclies  of  Kniix  ttnil 
Versin  laid  the  foiiiidution  of  our  knowledpe.  Their  investigations 
have  lieen  contiiuieri  hy  TheoImM  Sniitli,  Spronck,  ourselves,  ami 
others.  .Vfter  an  extensive  serie^s  of  investigations  we  (Park  au<t  WiU 
lianis)  came  to  the  foUowin;;  conclusions:  Toxin  is  produce*!  hy  fully 
vinilent  diphtheria  bacilli  at  all  liiiica  during  their  life  when  (lie  condi- 
tions are  favorable.  Under  less  favorable  con<litions  some  l>aci]li  an 
able  to  produce  toxin  while  others  are  not;  or  it  may  be  that  some 
conditions  favor  some  bacilli  while  they  are  deleterious  to  others.  Diph- 
theria bacilli  may  timi  conditions  suiinblo  for  luxuriant  growth,  hut 
unsuitable  fm  the  production  of  toxin.  The  requisite  cnuilitioiis  for 
goo^l  dev('lo])iiieut  of  toxin,  hs  JueI^inI  by  the  behavior  of  a  niiinlMT  of 
cultures,  arc  a  tempenUure  from  about  iHS^  to  '.Mi"  C,  a  suitable  culture 
meitiuin,  such  as  >i  2  [ht  cent.  [>eptone  nutrient  iKiiiillon  of  an  alkalinity 
which  should  l>e  about  S  c.c.  of  normal  soila  solution  per  litre  above 
the  neutral  point  to  litmus,  and  prepared  from  a  suitable  peptone  (Wittc) 
and  meat.  The  culture  Huid  .should  l^  in  comparatively  thin  layers 
and  in  large-necked  Krlenmcycr  Hii.sk.s.  so  as  to  allow  of  a  fret*  accesa 
of  air.  The  greatest  accumulation  of  toxin  in  l>ouillon  Ls  after  a  dura- 
tion of  growth  of  the  culture  of  from  five  to  ten  days,  according  to  llie 
peculiarities  of  the  culture  emplciyed.  At  a  too  early  periml  toxin  liss 
n<"t  sufficiently  a)-ciunulatet!;  at  a  too  late  periiMl  it  lias  begun  to  degen- 
erate, ill  our  ex[»erlence  the  auiount  of  nmsclc-sugar  pivscnt  in  llie 
meat  umkcs  no  appreciable  ditference  in  the  toxin  prcxlncetl  when  a 
vigorously  growing  bacillus  is  used,  so  long  as  tht*  Ixtuillon  has  lx«n 
niafie  sufficiently  alkaline  to  prevent  the  aci<l  produced  by  the  fer- 
inentalion  of  the  sugar  from  prcKlucing  in  the  bouillon  an  acidity  .stifli- 
cicnt  to  inhibit  tl»e  growth  of  the  Iwcilli.  If  the  sugar  does  interfere 
this  can  be  prevented  by  its  previous  destruction  through  the  fem»enta- 
tion  caused  by  the  growth  of  the  colon  bacilli.  After  the  fermentation 
0.1  |>er  cent,  of  glucose  should  l>c  addnl.  Dcsiiles  tlu-  sugar  and  alUeil 
bodies  in  the  meat  there  are  other  sulxstancvs  whost"  nature  is  unknown, 
which  hinder  or  aid  a  full  growth  of  the  bm-illi  or  protiuction  of  toxin. 
This  b  true  of  bouillon  made  directly  from  fresh  meat,  fcmieiiteil  meal, 
or  meat  extracts.  With  the  meat  as  we  obtain  it  in  New  York,  \\e  get 
better  results  with  unfermenied  meat  than  with  fenuenled.  In  Boston, 
with  the  same  bacillus,  Smith  gets  more  toxin  from  the  fennenteil  Ix'Uil- 
loii.  Instead  of  colon  bacilli,  yeast  may  be  added  to  the  soaking  meat, 
which  is  allowed  to  stand  at  about  2n^  C. 

Under  the  best  conditions  we  can  devise,  toxin  begins  to  be  produced 
by  bacilli  from  some  cultures  when  freshly  sown  in  Iwnillon  some  tiu»e 
during  (he  lirst  twenty-four  hours;  from  other  cidtures.  for  reasons  not 
well  understood,  not  for  from  two  to  four  days.     In  neutral  bouilloD 
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the  eiiltiire  fluid  frcquenlty  Ixwoincs  slightly  acid  aatl  toxin  prtxluctiun 
may  be  delayed  for  from  one  tu  three  weeks.  The  greatest  accumuta- 
tion  of  toxin  is  on  the  foiirtli  day,  on  the  average,  after  the  rapid  pro- 
duction of  toxin  hajf  commenced.  .-Vfter  that  time  the  numt>er  of  Hving 
bacilli  rapidly  diminishes  in  tlie  cnlture.  and  the  comHiions  for  those 
remaining  alive  are  not  suitable  for  the  rapid  pnMliiction  of  toxin.  As 
the  toxin  is  not  .stable,  the  deterioration  taking  place  in  the  toxin  already 
prtxluced  is  greater  than  the  amount  of  new  toxin  still  forming. 

Bacilli,  when  repeuledly  transpliiTitinl  from  Itoiiillon  to  hotdllon, 
gradually  come  to  grow  on  thf  surface  only.  This  characteristic  seems 
to  aid  in  the  development  of  toxin. 

The  relations  of  toxin  to  antitoxin  will  be  considered  later  in  this 
chapter. 

Diphtheria-Uk«  Bacilli  Not  Producing'  Diphtheria  ToieIs. — In  the  tests 
of  the  bacilli  olitained  from  fiiiiiilred.';  of  rjisi\s  of  .siispecled  diphtheria 
which  have  been  carrieil  out  during  the  piist  leii  years  in  the  labora- 
tories of  the  Health  Department  of  New  York  City,  in  over  95  per 
cent,  of  cases  the  bacilli  derive*!  from  exudates  or  p.seudoniembrunes 
and  pos.sessing  the  chant  etc  rktics  of  the  T.,oeffler  biu-illi  have  been 
fwmd  to  W  vindeni,  tiial  is,  producers  of  dijiliilieriH  Itixiu.  But  there 
arc,  however,  in  inflauiutl  tlironts  iis  well  as  in  healthy  throat.s,  either 
fttone  or  associated  with  the  xirulent  bncilli,  occasionally  bacilli 
which,  though  morphologically  and  in  their  behavior  on  culture 
media  identical  with  tlie  Klebs-i-oeffler  bacUhus,  are  yet  producers, 
at  least  in  artificial  culture  meiliaaiid  the  usual  lest  aiiimab^,  of  no  diph- 
theria toxin.  Between  bacilli  which  prorluce  a  great  deal  of  toxin  and 
those  which  pnKluce  none  we  find  a  few  of  minor  grades  of  virulence. 
We  l>elieve,  then*fnn*,  in  arcnnlancc  with  Roux  Htnl  Yensiii  thc-se  non- 
virulent  bacilli  .should  be  cuiisiiicivi]  as  possibly  uttemialed  varieties 
nf  the  «li|)htbcria  baoilhis  which  have  lost  their  power  to  produce  diph- 
theria toxin.  Tiiese  observi-rs.  and  others  folhjwing  tlicni,  liave  shown 
that  the  virulent  bacilli  ctm  i>e  artificially  attenuated ;  but  the  reverse  has 
not  been  proven  that  bacilli  which  produce  no  s|)cci(ic  toxin  Imve  later 
l»een  found  to  develop  it.  In  our  experience  .some  culture.^  hold  their  viru- 
lence even  when  grown  at  41°  C  for  a  number  of  month.s,  while  others 
Uwe  it  more  tpiickly.  Diphtheria-like  bacilli  are  also  found  which 
resemble  diphtheria  bacilli  very  closely  except  in  toxin  pro<luclion, 
but  <]itfer  in  one  or  more  particulars.  Both  lhe.se  and  the  character- 
istic non-vinileni  bacilli  an*  fnunit  occa.sioiially  u]ton  all  the  uiuc<ius 
mendiranes,  both  when  inflHnie<I  and  when  apparently  normal.  From 
varieties  nf  this  sort  having  been  fotmd  in  a  number  of  cases  of  the 
comlilion  known  as  xerosis  co^juncti^^e,  these  bacilli  are  often  called 
xerosis  bacilli.  I'nder  this  name  different  ob.senTr.s  have  placed  bacilli 
iilentical  with  the  diphtheria  bacilli  and  others  HitTering  quite  mark- 
ally  from  them. 

Bacilli  Viralent  to  Oaln«a-plgB  in  SplM  of  Froducing  no  Diphtheria 
Toxin.— The.se  bacilli  are  obtained  fairly  fretpiently  from  normal  or 
slightly    inflamed    throats    and    may  be   only  .slightly   pathogenic    in 
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giiinea-pig5,  or  tbey  may  kill,  as  wc  have  found  in  a  mimbtrr  o\ 
instjiiices,  in  doses  of  2  to  5  c.c.  sul)cut;meoiisly  ur  intrajxriloneallv 
injected.  Animals  are  not  protected  by  diphtheria  antitoxin  from  the 
action  of  these  bacilli.  At  autopsy  tlte  bacilli  are  usually  found  more 
or  less  abuml.antly  in  (be  blood  ami  iiitenml  organs.  '1  he  fact  that 
large  injections  of  antitoxic  serum  lia-stens  the  death  of  guinea-pigs 
injwtcd  witli  lliese  bacilli,  lias  given  rise  to  tlie  notion  that  injections 
of  antitoxin  might  be  dangerous  in  persons  in  whose  throats  these 
bacilli  were  present,  either  as  saprophytes  or.  possibly,  as  inciters  of 
slight  disease.  It  is  not  the  antitoxin,  but  tlie  serum,  which  in  large 
doses  injures  the  vitality  of  the  guinea-pigs  and  so  slightly  hastens 
Heath.  Any  serum  has  the  effect.  These  bacilli  were  first  dc-^cribed  by 
Miss  Davis'  Uum  my  laboratory  and  later  by  Dr.  Alice  Hamilton  in 
1904.  In  my  judgment  they  present  no  more  reason  to  avoid  giving 
antitoxin  tlmii  dti  tiie  slreptrjcoeci  ami  influenza  bacilli.  When  patho- 
genic in  runn  tlicy  are  usually  nnly  feebly  so. 

Loc&tioD  of  Diphtheritic  Intl&iiimatioaa  and  Virulence  of  Bacilli. — Viru- 
lent bacilli  produce  and  arc  found  not  only  in  pseudomembranous 
inflammations  of  the  fauces,  larynx,  and  nasal  cavities^  but  also  occa- 
sionally in  membranous  affections  of  the  skin,  vagina,  rectum,  con- 
junctiva, nase,  and  ear  (simple  membranous  rhinitis  and  otiti.s  media). 
I'Vom  the  severity  of  an  isolated  case  the  virulence  of  the  bacilli  cannot 
l>c  accurately  determined.  The  most  vindent  bacillus  we  have  ever 
found  woji  obtained  from  a  mild  case  of  diphtheria  simulating  tonsillitis. 
Another  case,  however,  infected  by  the  bacillu.s  proved  to  be  ver\'  severe. 
In  localized  epidemics  the  average  severily  of  Ihe  cases  pnjlMiItly  indi- 
cates roughly  the  vindence  of  the  bacillus  causing  the  infection,  as  here 
the  individual  susceptibility  of  the  difTercni  persons  infected  would, 
in  all  likelihood,  when  taken  together,  \ye  similar  to  that  of  other  groups; 
but  even  in  this  instance  speci:d  con<litions  of  climate,  food,  or  race 
may  influence  certain  localities.  Moreover,  the  bacteria  associated 
with  the  diphtheria  bacilli,  and  which  are  liable  to  l>e  transmitted 
with  them,  uiay  influence  the  severity  of  and  the  complications  arising 
in  the  cases.  It  must  lie  renvcndicred  tJial  bacilli  of  like  toxic  power 
may  differ  in  their  liability  to  infect.  Vindence  has  thus  two  distinct 
meanings  when  used  to  ticscrtbe  diphtheria  Iwicilli. 

yirulent  Bacilli  in  Health;  Throats. ^Kully  virtilent  bacilli  havf  fre- 
quently been  found  in  healthy  throats  of  persons  who  have  been  brought 
in  direct  contact  with  diphtheria  patients  or  infected  clotliiivg  witlioui 
contracting  the  disease.  It  is,  therefore,  apparent  that  infection  in 
diphtfienii,  as  in  other  infectious  dt^eases,  requires  not  only  the  pres- 
ence of  virulent  bacilli,  but  also  a  suseeplibibly  to  the  <li.sea.se.  which 
mav  be  inherited  or  acquired.  Among  the  predisposing  influences 
which  contribute  to  the  produrtioii  of  diphtheritic  lufcctioti  may  be 
nieutioued  thr  breathing  of  foul  air  and  living  in  overcrowdcil  and 
ill -ventilated    rooms,   poor   food,  certain   dLsease.s,   more   particularly 
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catarrhal  inflammations  of  the  mutxius  inemhrnnf^,  and  ilepressin^; 
cooditious  generally.  Uiuler  these  couditions  an  infected  mucous  mem- 
brane may  becorue  susceptible  to  dUea-s*'.  In  connei'tioii  witli  Beebe 
(ISlMl  I  made  an  examiujition  of  the  tliroals  of  3130  hejilthy  jjersons 
wlio  had  not  come  in  contact,  so  far  as  known,  with  diphtheria,  and 
we  fouud  virulent  bacilli  in  <S  only.  2  of  wliom  biter  develope<!  the  dis- 
ease.   In  24  of  the  XK)  healthy  tliroats  non-\-inilent  l>acini  or  attenuated 

^orms  of  the  diphtheria  bacillus  were  foniul.  Very  similar  ol)ser\'ations 
ive  been  made  by  others  in  many  widely  sepuratei!  coinitries. 
Poraistance  ol  Diphtheria  Bacilli  in  the  Throat. — ^The  continued  pres- 
ence of  virulent  diphtheria  bacilli  in  thi-  llironts  of  paticiiLs  who 
have  recovered  from  the  disease,  and  after  the  disuppeanince  of  the 
exudate,  ha.s  been  repeatedly  demonstrated.  Bcebe  and  T  fo\ind  (hat 
in  304  of  00.3  coiis«iMilive  cases  ttie  Iwicilli  di'sappeared  within  tliree 
days  after  the  dbappearance  of  the  pseudomcrabrane;  in  17fi  cases 
they  persisted  for  seven  days,  in  IJ4  cases  for  twelve  day.s,  in  .'^6  cases 
for  fifteen  days,  in  12  case-s  for  three  weeks,  in  4  cases  for  fonr  weeks, 

.and  in  2  cases  for  nine  weeks.    Since  then  I  have  met  witii  a  case  in 

iwhich  they  persisted  with  full  virulence  foreiglil  Enontlus.     haler  Hgui"ps 
ee  sul»slantudly  with  these. 
Pseudodiphtheria  Bacilli. — Besides  the  tyj)icnl  bacilli  which  prmluce 
diplitheria  tii\in  and  those  which  do  not,  but  which,  so  fur  as  we  can 

^determine,  are  otherwise  identical  with  the  Loeffler  bacillus,  there  are 

^other  bacilli  found  in  pn.sitions  ^timilar  to 
those  in  which  diphtheria  bacilli  abound, 
which,  though  reserablinp  these  organisms 
in  many  paniculars,  yet  differ  from  them  as 
class  in  others  eipially  important.  The 
rarietj'  most  prevalent  is  rather  short,  plump, 
and  more  uniform  in  size  ami  .shapt?  than 
the  tnie  LoefHer  bacillus  (Fig.  S3).  On 
blood-serum    their   colony  growth  is  very 

Lflimitiir  to  that  of  the  diphtheria  bacilli. 
Tl^he  great  majority  of  them  in  any  culture 
show  no  polar  granules  when  stained  by  the 
Neb«er  method,  an<l  stiiin  evenly  tlirough- 
out  with  the  alkaline  raethylene-bhie  sohition.  They  do  not  produce 
aciii  by  the  fermentation  of  ghirose,  as  do  all  known  virulent  an<l  many 
non-viruleni  diphtheria  barilli;  therefni-e,  thi-re  is  no  iin-n-jise  in  acidity 
in  the  bouillon  in  which  they  are  grown  during  the  first  twenty-four 
hours  from  the  fermentation  of  the  meat-sugar  regiilurly  present.  They 
are  found  in  varying  abundance  in  tUITerent  localitit's  in  New  York 
Citj",  in  about  1  [>ei'  cent,  of  the  normal  throat  and  nasal  secretions, 
and  seem  to  have  now  at  least  no  connection  with  diphtheria;  whether 
they  were  originally  derived  from  diplitheria  bacillus  is  doubtful;  they 
certainly  seem  to  have  no  connection  with  it  now.  They  never  pro- 
duce diphtheria  toxin,  and  to  them  projK'rIy  lias  been  applied  the  name 
■pneudodiphtheria  bacilli.    In  bouillon  they  grow,  as  a  rule,  less  luxuri- 
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antly  Iliaii  the  rJiphili^^ria  bncilli.  Some  of  the  varieties  of  the  |>seudo- 
diphtlieria  Iwuilli  are  as  long  as  ttie  sliorter  forms  of  tlie  virulent  hnrilH, 
When  these  are  found  in  cultures  from  uuk-s  of  suspceted  diphtheria 
tliey  Diay  lead  to  an  incorreirl  diagnosis.  The  Neisser  staining  inelbod 
is  of  vahie  here,  but,  unfortunately,  the  ab-seiiee  of  the  stained  bodies 
ill  smears  uf  mixed  cultures  is  not  a  suHicieni  ground  to  exclude  ti»e 
possibihty  of  their  being  true  dipiitheria  bacilli.  There  are  also  some 
varieties  which  resemble  the  short  pseudobacilii  in  form  and  staining, 
but  whieli  produce  aciil  in  glucose  bouillon.  The.se  bacilli  are  found 
occasionally  in  all  coinitries  where  search  bus  been  made  for  Ihem. 
It  may  Ih-  added  here  that  no  facl.s  have  come  to  liglit  wliicb  indicate 
that  bacilli  which  do  not  pnxhice  dIpbthertH  toxin  in  animals  ever  pn>- 
diice  it  in  man.  It  ninst  al.so  be  Ijorne  in  mind,  however,  that  such 
proof  is  ueceysarily  very  diflicult  to  obtain. 

Mixed  Infection  in  Diphtheria. — \'irtdeat  diphtheria  l>ac)lli,  bowet*er, 
arc  not  ihc  only  bacteria  present  in  human  diphtheria.  \'arious  cocci, 
more  particularly  streptoc<K:ci,  .•itaphylococci,  antl  pneumococci,  are 
also  found  as.^>ciated  with  I.^)efner's  bacilli  in  diphtlieria,  playing  an 
important  part  in  the  disease  and  leading  often  to  serious  complications 
(se[>si.s  anJ  bronchopneumonin).  Indeed,  the  pnigiuwis  in  a  ca.se  of 
diphtheria  Ls  now  judged  to  be  graver,  other  things  heing  equal,  accord- 
ing to  the  degit'c  to  which  other  )>athr)gcnic  ba<-tcna  influence  the 
course  of  the  disease.  These  caaes  of  so-calle<l  mixed  injfrtvm  m  diph- 
theria have  within  recent  years  attracted  considerable  attention,  and 
have  been  the  subject  of  a  nund>er  of  anunal  experiments.  Though 
the  results  of  these  investigations  so  far  have  iK'en  somewhat  indefinite, 
they  would  seem  to  indicate  that  when  other  bacteria  are  associated 
with  the  diphtheria  bacilli  they  mutually  assist  one  another  in  their 
attacks  upon  the  uuicous  membrane,  the  .streptococcus  being  particu- 
larly  active  in  this  i-espect,  often  opening  the  way  for  the  invasion  of 
the  Ltjctlifr  bucilhi.s  into  the  ilee|jer  tissues  or  supplying  needed  condi- 
tions for  the  development  of  its  toxin.  Thus  diphtheria  Ls  not  always 
a  piinmry,  but  often  a  .secondary  cHsease,  following  some  other  infec- 
tion, as  measles  or  scarlet  fever.  In  most  fatal  cases  of  bronchopneu- 
monia following  laryngeal  diphlheria  \\v  find  not  only  abundant  pneu- 
mococci or  streptococci  in  the  inflamed  lung  areas,  but  also  in  the  blood 
and  tissues  of  the  organs.  As  tiiese  septic  infections  due  to  the  pyo- 
genic cocci  are  in  no  way  influenced  by  the  diphtheria  antitoxin,  ther 
frequently  are  the  cause  of  the  fatal  termination.  Other  bacteria  cause 
putrefactive  changes  in  the  exudate,  pro<Jucing  alterations  in  col<W 
ami  otfensivp  tniors. 

PseudomembraDoua  Exudative  Inflammatioiu  Due  to  Bacteria  other 
than  the  Diphtheria  Bacilli. — The  diphtheria  bacillus,  though  the  nkost 
usual,  is  not  the  only  micro-*)rganism  that  is  capable  of  producing 
psemionuMubranous  inflammation.^.  There  are  numerous  Ijucteria 
present  almost  constantly  in  the  tliroal  secretions,  which,  under  cer- 
tain conditions,  can  cause  local  lesion.<!  ver)-  similar  to  (hose  in  the  less- 
marked  cases  of  true  diphtheria.     The  streptococcus  and  pneumo- 
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COCCUS  are  the  two  forms  most  frequently  found  in  tbcsc  cases,  but 
there  are  aUo  others  which,  under  suitable  rt}n*litions,  take  an  active 
part  in  produciuf;  this  form  of  inniimination.  Amon^  these  is  a  long, 
slemler  bacilUi.';  which  is  occasionally  fnuiiH  in  preat  abumlance  in  the 
midille  layers  of  j)seu(]omerabranes  when  the  diphtheria  ImciHiis  is 
absent.  This  liatilliLs  was  first  dcscrilied  by  Vincent.'  It  rloes  not 
^iw  reailily  nn  artiliciat  uiedia  and  is  nut  |>atli()^>iiie  in  animals. 
Frcmi  its  presence  In  the  iilcenitcd  processes  and  false  membrane  of  a 
number  of  cases,  it  is  lielieved  to  have  some  causal  relalion  to  them. 
This  bacillus  does  not  grow  on  the  serum  media,  so  that  the  diafrnosis 
must  Ik  made  from  smears. 

These  cases  show  many  of  the  local  appearance.4  of  tnie  diphtheria, 
the  superficial  necrosis  of  the  epiThelinm,  the  membrane  of  the  glandu- 
lar swellings.  The  p.seu<Utnieinbranes  may  j>errfist  for  from  one  to 
two  weeks,  or  even,  in  exceplloiial  cjises,  lonj^r.  This  biu'ilhis  i.s  appar- 
ently ffCTpiently  present  in  the  normal  throat,  and  is  probably  only 
able  luirler  i-ertaia  favurable  conrljtions,  such  as  the  influence  of  syphilis, 
to  produce  lesions.     Ktr\c  dej^'iicration  does  not  follow  an  attack. 

The  pseudomembranous  angina  accompanying  scarlet  fever,  and 
to  a  less  extent  other  diseases,  may  not  show  the  presence  of  diphtheria 
bacilli,  bm  only  the  pyogenic  cocci,  especially  streptococci,  or,  more 
rarely,  some  varieties  of  little-kllo^^■ll  Imrilli.  The  deptxsil  covering  the 
inilaineil  tissues  in  these  non-specific  iii-ses  is,  it  is  Inie,  usually  but  not 
always,  rather  an  exudate  than  a  true  pseiidomembrane.  The  majority 
of  these  case-s,  hnwever,  htv  mild  iiCTecttons,  being  only  uf  im]>ortance 
in  adding  to  the  severity  of  the  disease  which  they  complicate.  An 
esception  shovild  be  made  wlien  the  larynx  is  alTectwl,  as  here  the  lungs 
are  often  secondarily  involved.  The  bacteria  which  occur  in  ftdae 
diphtheria  are  .-^treptocooci,  staphylococci,  diplococci,  and  sometimes 
pseudiKliphtheria  bacilli  or  bacilli  which  are  morphologically  and  cul- 
turally <listinct  from  tlie  diphthftiji  bacilli. 

Persistence  of  Varieties  of  the  Baciltns  Diphtheria  and  of  Diphtheria 
like  Bacilli. — -The  fart  thai  there  are  tnanv  varieties  of  the  dipjitheria 
and  diphliieria-like  bacillus  has,  we  think,  been  fully  estubtished. 

But  that  such  varieties  are  tnie  sub-species  with  constant  charac- 
teristics, one  variety  not  changing  into  another  of  the  established  forms, 
has  not  been  gcnenilly  accepted.  On  the  contrar\-,  of  late  the  idea 
seems  to  be  gaining  ground  among  .some  investigators  that  all  of  the 
various  forms  of  diphtheria-like  bacilli  are  the  result  of  more  or  less 
transitory  variations  of  the  same  species,  and  hence  that  the  virulent 
forms  are  the  result  of  a  rapid  adaptation  tn  environment  and  conse- 
quent pathogenesis  of  the  non-vlrulent  forms,  both  typiL-al  and  atypical. 

This  cjuestion  of  the  relaiiiinship  of  the  specifically  virulent  diph- 
theria bacillus  to  non-vindent.  diphtheria-like  bacilli  has  been  dis- 
cusseil  since  1887.  It  is  certainly  theoretically  possible  that  the  non- 
vinilcnt  forms  have  been  dcriveil  from  virulent  forms.     Whether  or 


*  Aniuliti  do  rioailtiit  PaiUiir,  Aiigiul,  IHW, 


300 


BACTERIA  PATHOGESIC  TO  MAS 


not  tliis  is  true  is  an  interesttiifir  problem  for  discussion,  hut  has  little 
practical  importance.  'J'he  pa«sibility  of  the  nou-toxin  producing 
forms  readily  assuming  tlieir  power  to  produce  toxin  is  of  the  greatest 
iiiiporuuice,  ami  if  true  would  cause  us  to  change  our  present  methods 
of  trying  to  prevent  the  sprejul  of  diphlhem. 

Until  1S96  uo  one  had  hi'ought  t'nrward  evidcuce  to  show  that  fully 
non-virulent  forms  could  \ye  made  virulent.  In  this  year  Trump'  states 
timt  he  converted  a  non-virulent  acid,  producing  bacillus  iuto  one 
capable  of  killing  guinea-pigs  with  all  the  symptoms  of  true  diphtheria, 
by  succe&'iive  passages  through  guinea-i)igs  plus  a  non-fatal  dose  of 
diphtheria  toxin.  Hewlett  and  Knight^  .state  (1897)  that  they  changed 
a  typical  vindert  diphtheria  bacillus  into  a  non-x-inilent  l>acillus  of 
tlie  pseudo  \.y\ye  by  beating  for  seventeen  hours  at  45°  C.  They  only 
succeeded  with  one  culture,  though  thry  trieii  otliers.  Tlicy  say  also 
that  they  changed  a  non-acid  pseudtidtphtheria  bacillus  into  a  tj-pical 
virulent  diplitlieria  bacillus  by  oulturt*  and  piussagc  through  guinea- 
pigs.  They  obtained  similar  but  not  such  marked  results  with  other 
cultures. 

Richmond  anil  Salter*  (ISHK)  and  Salter*  (1S99)  state  that  they  have 
changed  five  pseud odiphtheria  Iwicilli  into  typical  diphtheria  bacilli 
specifically  rindent  for  guinea-pigs  by  passage  through  a  number  of 
goldfinches. 

Bergey'  was  not  able  to  give  virulence  to  non-virulent  forms,  neither 
tlid  he  find  that  these  latter  gave  immunity  agaiiust  the  former;  for 
tliese  reasniis  he  considers  them  clistinct  memljers  of  a  large  group  of 
bacilli  at  the  head  of  which  stands  the  diphtheria  bacillus. 

In  the  work  of  ^^■esb^ook,  Wilson,  and  McOaniel,'  on  Vorirtxes  of 
Bacillus  Diphtheria:,  the  study  is  based  upon  the  morphologj-  of  the 
individual  bacillus  found  in  snieara  of  throat  cultures  and  pure  cultures. 
They  give  as  a  reason  for  the  study  of  the  individual  bacillus  tliat  in 
"pure  cultures  in  most  instances,  especially  where  ihey  have  l>een 
derived  from  typical  clinical  cases  of  diplitlieria,  it  is  the  ejcceptioit 
to  get  even  a  moderate  degree  of  uniformity  in  the  general  shape,  sire, 
staining  reactions,  etc.,  of  llie  individual  bacilli;  whilst  to  get  com- 
plete uniformity  is  not  to  be  hoped  for,"  and  theri-fore  each  culture  Is 
probably'a  mixture  of  several  varieties  having  l>een  derivwl  from  several 
parents.  This  seems  to  us  to  be  probably  an  erroneous  conclusion. 
They  make  a  provisional  classification  l>a.sc<l  uiM)n  the  morphology 
of  the  individual  bacilli,  into  three  groups,  called  granular,  barred, 
and  solid,  two  of  the  groups  into  seven  t}'pes  and  the  other  into  Bto, 
two  of  the  types  corresponding  with  tliose  in  the  other  groups  not  hav- 
ing been  seen.  In  a  .•study  of  the  types  found  in  the  smears  from  a 
series  of  direct  cultures  derived  from  clinical  cases  of  diphtlieria  the 
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auUiurs  state  tliut  there  is  generally  a  sequence  of  types  in  the  varia- 
tions which  appear  throughout  the  course  of  the  disease,  the  granular 
types  being  the  most  predominating  at  the  outset  of  the  disease,  and 
these  giving  place  wholly  or  in  part  to  the  barrecl  ntid  solid  types  shortly 
before  the  disappearance  of  dipli1heria-!ike  organLsnis. 

'Hie  inference  drawn  from  t!iw  work  is  that  the  diphtheria  bacilhis 
may  be  rather  easily,  especially  in  the  throat,  converted  into  non- 
granular, soliiiiy  staining  forms  of  (lie  "psiMnhwIiphtlierin"  type,  and 
that  the  converse  may  occur,  and  that  therefore  all  diphtheria-like 
bacilli  must  be  considered  a  (Hjssible  source  of  danger. 

Cobbett'  considers  the  pseud odiphtheria  bacillus  as  perfectly  innocu- 
ous to  ntan,  but  that  the  relation  between  the  pseud  odiphtheria  and 
the  diphtheria  bacillus  remains  undecided.  He  did  not  meet  with  bacilli 
of  low  virulence.  He  fonjiti  a  few  tmn-vinilfiit  iiTid  thl^  others  were  all 
highly  virulent.  He  thinks  tlmt  the  reason  why  the  pseudrwiiphtheria 
Imcilli  apj>ear  so  infrequently  during  the  acute  stage  is  that  they  are 
overiooked  then  because  one  discovers  the  virulent  bucilli  so  easily 
and  docs  not  truuhle  to  look  any  more,  and  ihey  are  found  more  easily 
later  because  tlie  diphtheria  bacilli  are  disappearing  and  are  liard  to 
fiinl;  consequently  a  long  and  careful  search  is  made,  and  the  p»eudo- 
diphtheria  bacilli  are  seen  for  the  tirst  tiine. 

All  of  this  work  (including  the  reports  of  obsen*ers  not  mentioned 
in  this  paper)  in  regard  to  the  relationship  of  the  difTerent  diphtheria- 
like  Imcilli  to  the  true  <liphtlieria  bacillus  may  be  summed  up  attd 
tabulated  as  follows: 


SbUcmenta  to  fftror  ot  tbt)  belief  Ibnt  one  lonn 
fUV  tM  chuiK«<l  KAdllr  into  an.t^'tli'er. 

1.  Tiie  morijliolngiral  miJ  rultiiral  clinr- 
ACt«rmir«  of  nl!  diiiiilh«rifl-lik» 
orpiDtvinK  froni  ptwutio  to  tjpjail 
virulenc  forma  bare  some  poinU  of 
rwembliuice. 

?.  DiphUi«ri«  btcitit  pos^efa  nianjr 
gnulM  of  Yirulwnix'  fmiii  ilic  fnllr 
rirulent  to  the  noD-virulvtiU 

3.  N(>n-virnlent  bacill!,  both  ljpic«l  and 

noa-ly])iral,  liuve  beeiL  fuuiid  tuore 
fr^qtienily  in  tbe  coi)va]«Acing  tuiige 
of  ili|itilherintlian  in  tbcHciitPHlnge. 

4.  iHon-rinileDt,  atypioil    bacilli    hive 

been  the  only  diphlht«ri«-lik«  orgim- 
bntA  found  in  Hgbt  niifcinui. 

5.  A  Mqattnce  uf  fornw  in  ibo  count*  of 

diphlhorin  und  in  Kuix-mfiiwKenvra- 
Uoiw  of  pare  ciiUurt's,  frooi  draniiLar 
thmogh  barred  to  »i)]id  rnntis,  ami 
ihft  cODTstw,  hu  b««a  ubwrved. 


Statetnentt  oppmed  to  ttaLsWller. 

Tbe  n]i>rpliit1ri);i(».1  and  culliiriti  rliarac- 
(eristics  of  viin«tiM  bar*  in»ny  polnta 
at  dlfi«reiice. 


IntermcitlialA  grtdet  of  rlmlence  ure  rare. 


Ther«  ai«  oth«r  reasons  tb&n  that  of 
cbiinge  of  otto  fam  to  another  to 
account  for  tbU. 

\'iiiilent<)iphlherife  badtli  have  alto  been 
frequently  found. 

The  nbwnr&lion  In  correct  only  for  th« 
forms  in  tbe  urt^inal  mixed  cullurwi 
and  i«  due  to  the  effect  of  the  other 
bactL'rianii  thederelciipment  of  th^  dipfa- 
llierta  bacilli  or  b«cau«e  both  varietiw 
were  prcaeni  al  the  «tnrl. 
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S1&i«in«nU  In  fkvor  of  tlw  Iw1l«r  Ibai  ona  form 
nuijr  beohangni]  mwltir  lak]Miu>lb«'r. 

6.  Holid  fonnH,  approwhing  ihc  atT[)ical 

naO'Tirulcrit  roritw,  have  bven  fuund 
lo  be  «p«ctflcally  rirultnt. 

7.  TliBvirulen«-of  tlie  diplitlieria  barjl- 

liM  has  Seen  decr*a*ed  ariificiaUy 
with  a  clmnge  in  foriit  nitit  niltiirul 
chann-ltm,  nn>]  oliglillr  virulent 
dijihiheria  IfHctilli  have  been  mwl« 
iTiuru  rirulcnt. 

8.  Non-vinilvrt    alypicnl    bacilli    have, 

it)  a  Tew  hanil«,  liven  oUmiged  to 
lf}wm\,  specifically  virulE^nt  diph- 
lli«rin  iMieilli, 


fi.  Vlrnlcot  typical  diplitlieria  biwilt) 
hare  been  ap]iarenily  chanitt^  i^> 
soHdIy  •lainitig,  aun-Tinilonl,  di|)b- 
therih  like  bacilli. 


SUtomcDU  oi^xMd  to  ibla  belMf . 

AnioD^  ititge  namban  nf  Tinilcnt  diph- 
ihLTia  uu  cultures  liarc  bets  found 
which  developed  only  solid  rarielieft. 

Arlificial  decrease  of  virulence  of  th> 
diphtlieria  bacilluH  Um  tint  been  nccom- 
plifihed  easily,  neither  bare  slightly 
virulent  bacilli  been  made  highly  viro- 
lent. 

TCon-vlmlenl     atypical     bacilli     ciperi- 

mentetl  u(idii  by  luoM  obcerfera  baT* 
rfttaiited  ilteir  chiuscleriiticfi  on  vmrioos 
arlilicinl  culture  nietlia  under  ilifliBrent 
condlllonti  and  in  piufage  through 
nnimalH. 
Viralem  diphtheria  bacilli  usually  r«t*io 
their  i/banictrriiiliosoii  artificial  cultur* 
media  under  diflerent  conditJoiw. 


The  cnitral  idea  in  tlie  statements  of  those  who  believe  that  dipb- 
(heriii-Iike  hacilH  are  simply  Iraiisitorv  variations  of  ibe  species  bacillus 
diphtheria'  is  thai  lK>th  the  diphtheria  bacillus  and  those  iMctlli  which 
resemble  Iheiii  liHve  many  unstable  properties,  their  form,  their  cul- 
tural charafterLsties.  their  pathogenicity  all  varying  within  a  wide 
limit,  so  that  one  fonn  may  assume  readilv  the  pro|>erties  of  another 
form. 

The  separatists,  on  the  other  hand,  have  found  that  certain  forms 
possess  such  .stable  |>rn|X'rties  that  one  is  not  eotiverte«l  into  another, 
and  hence  ihey  regard  tliein  as  distinct  species. 

Ill  order  to  make  a  thorough  test  of  this  whole  matter  Dr.  A.  W. 
\^  illiams,  of  the  Research  Lalraratory,  undertook  a  careful  investigation 
of  the  .subject. 

An  outline  of  the  work  attempted  shows  the  thoroughness  of  the 
tests: 

1.  A  study  of  tlie  diphtheria  and  diphtheria-like  bacilli  found  in  a 
series  of  clinically  typical  <lip]it]ierias  at  the  tinspital  for  Contagions 
Diseases. 

(a)  Serial  smears  of  cultures  directly  frcmi  throats  and  no.ses. 
(h)  Ptire  cullurvs  l3o!ate<l  from  these  cultures. 

2.  A  study  of  the  diphtheria  niul  diphtheria-like  IwciHi  found  in 
healthy  and  diseased  throats  in  a  town  during  an  epidemic  of  diphtheria. 

(a)  Smears  of  cultures  directly  from  throats. 

(6)  Pnre  cultures  isolated  from  these  cultures. 

■i.  A  study  of  diplilherift  and  diphtheria-like  bacilli  found  in  sore 
throats  during  an  epidemic  of  diphtheria  at  a  home  for  destitute  chil- 
dren. 

(n)  Pure  cultures. 
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4.  A  study  of  pure  cultures  of  diplitheria  nuil  iliphtheria-like  liat-illi 
from  sources  other  than  those  jfiven  above. 

(a)  Ou  varioLis  artiHcial  culture  media  grown  uutler  various  con- 
ditions. 

(6)  In  living  ti.s*ues  of  fjuiuea-pigs.  white  rats,  and  poldtinches. 

(e)  In  symbiosLs  vnth  other  bacteria. 

The  conchjsions  reached  were  as  fnllows:  Though  some  cultures 
change  on  some  of  the  media,  each  clianges  in  its  own  way,  and  each 
culture  still  iius  its  distinct  iiidivichiuhtv.  After  tnuny  cuUure  geiieni- 
tions.  especiallv  when  transfjlanletl  iit  short  intervals,  ihe  different 
varieties  tend  to  approach  each  oitier  or  rather  to  run  in  lines  parallel 
with  a  common  norm,  which  seems  to  be  a  medium-sized,  non-seg- 
mcnteii  bacillus  piodncing  frmnules  in  early  cultures  on  .serum  and 
growing  well  on  all  of  the  or<linary  culture  media.  The  ntwi-vinilent 
morphologically  typical  bacilli  inu.st  be  clas.sed  with  the  virulent  varieties 
as  one  species,  though  there  is  little  doubt  that  more  minute  study 
wouM  show  distinct  species  in  this  group.  The  atypical  pseudo 
fomi-s,  however,  which  show  no  tendencv  to  approach  the  norm  of 
the  t>*pical  forms,  must  be  classed  as  distinct  species.  All  nf  the 
pseudo  and  non-vinilcnl  inurpliologically  lypiad  varielies  when  inocu- 
lated into  the  peritoneum  of  guinea-pigs  in  immense  doses  cause 
death.  Attempts  have  been  made  to  give  more  virulence  to  some  of 
these  varieties  by  successive  peritonea!  inoculations,  but  in  no  instance 
has  any  increase  of  vinileiice  or  decidwl  change  in  morphological  or 
cultural  characteristics  been  noted.  Two  of  the  non-virulent,  mor- 
phologically typical  varieties  Imve  also  been  grown  in  symbiosis  with 
Wrulent  streptococci  in  broth  for  ninety  culttire  generations  trans- 
planlp<I  every  three  (o  four  days,  but  when  sejmniled  no  change  in 
virulence  or  oliier  characteristics  was  noted.  Two  other  varieties  of 
non-vinilent  morphologiciilly  typical  bacilli  have  fjcen  iniKMilatetl  into 
goldfinches  with  no  result.  In  large  doses  they  appear  to  Ijc  perfectly 
innocuous  to  these  birds  as  well  as  do  four  varieties  of  pseudobactlli, 
contrar}*  to  the  results  of  Kichnt<ind  ami  Salter. 

Since  there  are  so  many  <iifferent  forms  or  varieties  of  diphtheria-like 
bacilli,  it  is  quite  jjas-silile  tlnit  some  of  them  arc  rlerived  from  stmins  of 
the  diphthena  bacillus  and  that  under  certain  conditions  they  readily 
regain  its  cliaracteristies.  This  seems  to  l>e  the  onlv  wav  to  explain  the 
apparent  discrepancies  in  the  results  obtained  by  dilTerent  olwer\'ers. 
Such  chisely  related  varieties,  however,  ilo  not  npiwar  to  be  common  tn 
New  York  City  at  the  present  time.  So  we  may  safely  say  that  in  this 
region  at  least  non-\'indent  diphtheria-like  organisms  retain  their  char- 
acterUtics  under  various  artificial  ami  natural  conditions,  ami  that  they 
may  be  reganled  from  a  public  healtli  standpoint  as  harmless.  These 
studies  seem  to  demonstrale  that  the  niorpliulngically  typical  diphtheria 
bacillus  is  a  distinct  species  from  the  atvpical  d iph the riu -like  bacilli  and 
so-called  pseudo  forms,  ami  that  it  fia.s  manv  true  morpimhigical  varieties 
OP  snlvspecies  which,  while  showing  transitory  milogenlc  variations 
due  to  change  iti  environment  and  life  habit,  have  more  or  less  per- 
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sistent  phylogenic  characteristics  which  reappear  when  the  organism 
U  plna-d  in  u  pit'vimis  eiiviroinneiil. 

TrammiAsion  of  Diphttmia. — The  possibility  of  the  transmission  of 
diphtliena  from  animals  to  man  cannot  be  disputed;  we  have  met  with 
one  instance  where  a  cat  ha<l  ntalifi^ant  diphllieria,  and  many  other 
animals  can  be  infected,  l)ut  there  are  no  authentic  cases  of  such  trans- 
mission on  record.  .So-cnlled  diphtheritic  disease  in  animals  and  birds 
is  usually  due  to  other  niicni-orgiini.sin.s  than  tlie  ijiphtheria  Iwicilli. 

I_*t  us  consider  some  of  the  means  by  which  the  disease  may  be  corn- 
miinifjiled.  In  actual  exjxTiinent  (be  bacilli  have  l)een  nlwi'rved  (o 
remain  virulent  in  bits  of  dried  membrane  for  twenty  weeks,  Dried 
on  silk  threads  Abel  reports  that  they  may  sometimes  live  one  hundred 
and  seventy-two  days,  and  upon  a  child's  playthiiif;  which  had  been 
kept  in  a  dark  place  they  lived  for  five  months.  'Hie  virulent  bacilli 
have  been  found  on  soiled  bedding  or  clothing  of  a  diphtheria  patient, 
or  drinkiiig-cu|>s,  candy,  slioeSj  hair,  slate-jjencils,  etc.  llesi(h*s  these 
sources  of  infection  by  whicii  the  disease  may  be  indii-ectly  transnuttefl, 
virulent  bacilli  may  lie  directly  n-a'ived  from  the  jiseudomembrane, 
exudate,  or  iliscbarges  of  diphtlieria  patients;  from  the  secretions  of  the 
nose  and  throat  of  ciJuviilestrnt  cases  of  iliphthcrin  in  which  tlie  virulent 
bacilli  persists;  and  from  tlie  liealthy  throats  of  iiidividuats  who  ac^pilred 
the  bacilli  from  Iwinj;  in  contact  with  others  having  vu-ulent  germs  on 
their  persons  or  clothing.  In  such  cases  the  bacilli  may  sometimes 
live  and  develop  for  days  or  weeks  in  the  throat  willnout  cjinsing  any 
lesion.  AVhen  we  consi<ler  that  it  Is  only  the  severe  t\'pes  of  diphtheria 
that  ivmain  isnhited  during  their  actual  illness,  the  wonder  Ls  not  that 
so  many,  but  that  so  few,  persons  contract  the  ilisense.  It  indicates 
that  very  fretpieiitiv  virulent  bacilli  are  received  into  tlie  mouth,  and 
tJien  either  find  no  condition  there  suitable  for  their  growth  or  are 
swept  away  by  foo^l  or  drink  Infon.-  tliey  rouh!  ctl'cct  a  lo<lgement. 

SosceptibUity  to  and  Immanity  against  Diphtheria. ^An  individual 
susceptibility,  both  general  and  local,  to  diphtheria,  as  in  all  infectious 
disea.ses,  Is  necessary  to  contract  the  disease.  Age  has  longlwen  recog- 
nized to  Iw  an  important  factor  in  diphtheria.  Children  within  the 
first  sL\  moutks  of  life  are  but  little  susceptible,  the  greatest  degree  of 
susceptibility  being  between  the  third  and  the  tenth  year,  while  adults 
are  almost  immune. 

As  the  result  of  animal  cxperbnents.it  is  now  known  that  an  artificial 
innnunity  against  diphtheria  can  Ive  produced,  at  least  for  a  consider- 
able lengtli  of  time,  by  the  development  of  sul«tanc<\s  directly  antidotal 
to  the  diphtheria  toxin.  By  the  inoculation  of  \'inilent  or  somewhat 
attenuated  cultures  or  of  diphtheria  toxin,  Fraenkel,  Uehring,  Wernicke, 
Aronson,  Iloux,  and  since  then  many  others,  have  succeeded  in  uninun- 
iziiip  animals;  but  the  most  important  and  valuable  results  are  those 
which  have  been  obtained  by  Behnng,  in  conjunction  with  others, 
who  showe<l  that  the  blood  of  immune  animals  contains  a  substance 
which  neutralizes  the  diphtheria  toxin.  The  blood  serum  of  persons 
who  have  recovered  from  diphtlieria  has  I»een  found  also  to  possess 
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this  protective  property,  which  it  acquires  about  a  week  after  the  l>egin- 
ning  of  the  disease,  and  loses  apiin  in  a  few  weeks  or  months.  More- 
over, the  blood  senim  of  many  individuals,  usually  adults,  who  have 
never  had  diphtheria  often  has  a  slight  general  antitoxic  property. 

Antitoxic  8«nim. — The  knov-Iedge  derived  from  these  remarkable 
investif*alions  into  the  protective  powers  of  the  lilood  serum  of  inimu- 
tiize^I  aniniHls  has  Iwn-n  rinplcjyeil  uith  the  most  (>riniiiiit  results  for  the 
prevention  and  early  treatment  of  diphtheria  in  man.  The  discover)- 
of  the  method  of  the  production  of  antitoxic  scrum  or  antitoxin  in 
animals,  and  its  practical  application  to  the  treatment  and  cure  of 
fliphtheria,  has  l>een  shared  by  many  experimenters,  at  Hrst  chiefly  in 
Germany  and  France,  and  later  in  this  country. 

R«sulta  ot  th6  Antitoxin  Treatmont  of  Diphtheria. — Die  conclusions 
arrived  at  by  Biggs  and  Gueranl,  after  a  review  of  all  the  statistics  and 
opinions  publishi-d  since  the  beginning  of  the  antitoxin  treatment  in 
1892,  were  as  follows: 

"It  matters  not  from  what  point  of  view  the  subject  is  regarded,  if 
the  evidence  now  at  hand  is  properly  weighed,  but  one  conclusion  is  or 
can  be  reached — whether  we  consider  the  percentage  of  mortality  from 
diphtheria  and  croup  in  cities  as  a  whole,  or  in  hospitals,  or  in  private 
practice:  or  whether  we  take  the  absolute  mortality  for  all  the  cities  of 
GermiLiiy  whose  population  is  over  15,000,  and  all  the  cities  of  France 
whose  population  is  over  20.000;  or  the  absolute  mortality  for  New 
York  City,  or  for  the  great  hospitals  in  France,  (Germany,  and  Austria; 
or  whether  we  consider  only  the  most  fatal  cases  of  diphtheria,  the 
laryngeal  and  ojierative  cases;  or  whether  we  study  the  question  witli 
relation  to  the  day  of  the  disease  on  which  treatment  is  commenced, 
or  the  age  of  the  {mtient  treated;  it  matters  not  how  the  subject  b  re- 
garded or  how  it  is  turned  for  the  purpose  of  comparison  with  previous 
results,  the  conclusion  reached  is  always  the  same — namelv,  there  has 
l»een  an  average  reduction  of  mortality  from  the  use  of  antitoxin  in  the 
treatment  of  tliplitheria  of  not  less  than  50  percent.,  and  under  the  most 
favorable  conditions  a  reduction  to  oiie-<^[Unrter,  or  even  less,  of  the 
previous  ficath  rale.  'Hii.s  has  occurred  not  in  one  city  atone  particular 
tune,  but  in  many  cities,  in  ditTerent  coutitries,  at  different  seasons  of 
the  year,  and  alv.ays  in  conjunction  with  the  introilncfior  of  antitoxin 
•senini  and  proportionate  to  the  extent  of  its  use."  Except  where  im- 
munization has  been  practical  on  a  large  scale  no  reduction  in  the 
number  of  ca.ses  of  diphtheria  has  been  evident. 

Production  of  Diphtheria  Antitoxin  (or  Therapeutic  Puzposes.— As  a 
result  of  die  work  of  years  in  the  hiliorii lories  of  the  Hfulth  Depart- 
ment of  New  York  City,  the  following  may  Ix*  laid  down  as  a  practical 
metlifxl: 

A  strong  diphtheria  toxin  should  be  obtained  by  taking  a  very 
vindent  culture  and  growing  if  in  broth  under  the  conditions  descrilied 
on  page  194.  The  culture,  after  a  week's  growth,  is  removed,  and 
having  been  testetl  for  p\irity  by  microscopic  and  culture  tests  is  ren- 
dered sterile  by  the  addition  of  10  per  cent,  of  a  5  per  cent,  solution 
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o(  carbolic  acid.  After  forty-eight  hours  the  dettd  lutcilli  have  settled 
on  the  Ixdtoii]  of  the  jar  antl  ihr-  cli-Hr  ttii'ui  nhove  is  svphmiw!  nff  or  il 
is  filtered  through  oniinnrv  sterile  filler  paper  and  stored  in  full  bot- 
tles in  II  cold  plHoe  niitti  iiredeil.  Its  streiigtli  U  then  tested  Uy  giving' 
a  series  of  guinea-pigs  carefully  measured  ainounta.  Less  than  0.01 
CO.,  when  iiijecte<l  hypodcmsically,  should    kill   a   250-graiu  guinea- 

'llie  horses  used  should  be  young,  vigorous,  of  fair  size,  and  abao- 
hitely  healthy.  Virions  habits,  such  as  kicking,  etc.,  make  no  tlifTer- 
ence,  of  course,  except  to  those  who  handle  the  animals.  Tl»e  horses 
ai'e  severnlly  injected  with  an  amount  of  toxin  sufficient  to  kill  five 
t}iousaud  guinea-pigs  of  2.j0  gnims'  weight  (about  20  c.c.  of  strong 
toxin),  .\rier  from  three  to  five  days,  so  soon  as  the  fever  reaction 
hus  su)>»ided.  a  second  suliculanenus  injection  of  a  slightly  larger  dose 
is  given.  With  the  first  three  injections  of  to.xin  10,000  units  of 
antitoxin  are  given.  If  antitoxin  U  not  mixed  with  the  first  doses 
of  toxin  onlv  one-tenth  of  the  doses  advised  is  to  he  given.  At 
inlen'als  of  from  five  to  eight  days  increjising  injections  of  pure 
toxin  are  made,  until  at  the  end  of  two  months  from  ten  to  twenty 
times  the  original  amount  is  given.  There  i.s  aKsohitely  no  way  of 
Jialging  which  horses  will  pr(.Miuce  the  highest  gratles  of  antitoxin. 
Very  roughly,  those  linrses  whi<'h  are  extremely  sensitive  and  those 
which  react  hardly  at  all  are  the  po«irest,  hut  even  here  there  are  excep- 
tions. The  only  way,  therefore,  is  at  tlw  end  of  .six  weeks  or  two  months 
to  bleed  tlie  horses  and  test  their  sennii.  If  only  high-grade  serum  is 
wanted  all  horses  that  give  less  than  1.tO  units  per  c.c.  are  discarded. 
If  moderate  grades  only  are  de.sired.  all  that  yield  100  unit*  may  l»e 
retained.  'I'he  relaiiie<l  horses  receive  steadily  increasing  <lases,  llie 
rapidity  of  the  incre-ftse  and  the  interval  of  time  lielween  the  doses 
(three  days  to  one  week)  depending  siimewhal  on  the  reaction  follow- 
ing the  itijei'tinn,  an  elevali<)n  of  trinjH'iMtun-  of  umif  than  ^  V.  l»eing 
undesirable.  M  tlie  eml  of  three  moiilhs  the  antitoxic  senim  of  all  the 
horses  should  contain  over  300  unit.s,  and  in  about  10  jX'r  cent,  as  much 
as  SCO  units  in  each  cubic  centimetre.  Very  few  horses  ever  give  alwve 
1000  imits.  and  none  so  far  has  given  as  much  as  2000  units  |>er  c.c. 
The  very  Ix^st  horse.s  if  pusheil  to  their  hniit  continue  to  furnish  blood 
cotitaining  the  maximum  amount  of  antitoxin  for  several  months,  and 
(hen,  in  spite  of  increasing  injections  of  toxin,  l>egin  to  furnish  blooil  of 
gnulually  ilecreasing  strength.  If  every  nine  monti«  an  interval  of  three 
nuinths'  freedom  from  inoculations  is  gi\-en.  the  best  horses  furnish  lugb- 
grade  serum  during  tlieir  jx^rioils  of  treatment  for  from  two  to  four  years. 

In  order  to  obtain  the  serum  the  blood  is  withdrawn  fruni  the  jugtdar 
vein  by  means  of  a  sharp-])ointcd  cannula,  which  is  plunged  through 
the  vein  wall,  a  slit  having  l>cen  made  in  the  skin.  The  blood  is  carried 
by  a  sterile  rubl>er  tube  into  large  Lrlenmeyer  flasks  and  allowed  to 
clot,  the  flasks,  however,  being  placed  in  a  slanting  position  before 
clotting  ha.s  commenced.  The  serum  is  drawn  otf  after  four  days  by 
means  of  sterile  glass  and  rubber  tubing,  and  is  stored  in  large  flasks. 
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From  thb.  as  ncctletJ,  small  plilals  arc  filled.  Tlie  ptiials  and  (heir 
stoppers,  OS  m<leed  all  the  utensib  used  for  huldin^  the  serum,  must  be 
■bsolutelj  sterile,  and  every  possible  preeautioii  niust  be  taken  to  avoid 
mtaminatton  of  the  s^rum.  An  antiseptic  may  t>e  atl<leil  to  the  senim 
'»*  a.  preservative,  but  it  is  not  necessary  except  when  the  serum  is  to 
be  sent  to  great  distances,  where  it  cannot  be  kept  under  supervisioo. 

Kept  fruni  access  of  air  and  liijlit  and  iti  a  culd  jilace  it  is  fairly  stable, 
detehorntiiig  not  more  than  40  per  cent.,  and  often  much  less,  within 
a  year.  Diphtheria  antitoxin,  wben  stored  in  plnals  and  kept  under 
the  above  conditions,  contains  w  ithin  10  per  cent,  of  its  orifirinal  strength 
for  at  least  two  months;  after  that  it  can  be  used  by  allowiu^  for  a 
maximum  deterioration  of  o  per  cent  for  each  month.  The  antito.xin 
in  old  serum  '\s  just  the  same  as  in  that  freshly  bottled,  only  there  is 
les.«  of  it.  Almost  all  producers  put  more  units  in  the  phials  than  the 
Ia!)el  calls  for  so  as  to  allow  for  ihe  gradual  loss  of  .strength. 

The  nature  of  diphtheria  antitoxin  has  until  recently  been  known 
altiKist  wholly  frnin  its  physinliigical  properties.  Kx|H;riiiienl3  have 
seemed  to  show  that  it  was  either  closely  bound  to  tlie  serum  globulins 
or  was  itself  a  .suUstauce  of  protei<l  nature  closely  allied  to  serum 
l^ohuliii.  Mr,  J.  1*.  Atkinson,  when  assistant  chemist  in  the  laboratory, 
found  that  antitoxic  and  normal  horse  serum  react  similarly  toward 
MpSO,.  in  that  the  globulin  is  precipitated  completely  from  the 
other  constituents  of  the  .serum.  In  the  case  of  antitoxic  .lerum  itie 
globulin  precipitate  carries  with  it  all  of  the  antitoxic  power  of  the 
sentm,  leaving  the  filtrate  without  any  neutralizing  power  against 
the  diphtheria  toxin.  \Vhen  watery  solutions  of  this  globulin  are 
saturated  with  NaC'l  a  prf«ipitate  ooeui-s.  Wlien  t!ie  solution  is  healed 
ft  series  of  further  precipitates  take  place,  as  follows:  Cloudiness  appears' 
ut  40*,  49°,  S7*,  and  Q7°  C;  complete  precipitation  occurs  at  45°,  54°, 
62°.  and  72°  ('.  Each  of  these  jtrecipitates  has  antitoxic  properties, 
and  the  total  quantities  contain  all  the  original  antitoxin  except  orue 
5  per  cent.,  which  is  evidently  destroyed  by  ihe  Jiighcr  temperatures 
reijuired  for  tlie  last  two  precipitates.  After  the  last  precipitate  the 
solution  is  free  of  globulin  and  also  of  all  antitoxic  properties. 

A  further  fact  develo[)e<l  by  Atkin.son  is  that  the  globulins  increase 
markedly  in  Ihe  wmnn  of  horses  as  the  antitoxin  strength  increases. 
It  seems,  therefore,  from  the  above  that  diphtheria  antitoxin  has  the 
cbaracterUtics  of  the  serum  globulins.  /Vntitoxln  is  destroyed  by  pro- 
longed mo<lerate  heat  ((>0°  C.)  and  by  short  exposure  to  jjigher  tem- 
peratures (95°  to  lOO'*  C).     It  is  less  sensitive  than  diphtheria  toxin. 

Diphtheria  antitoxin  hits  the  power  of  neiitralixin^  diphtheria  toxin, 
so  that  when  a  certain  amount  is  injected  into  an  animal  before  or 
together  with  the  toxin  it  overcomes  its  poisonous  action.  The  facts 
in  favor  of  a  direct  action  of  antitoxins  upon  their  corre-spoiwling  toxins 
imve  recently  been  briefly  summarised  by  Cobhett  liS  follows: 

1.  Certain  reactioius  Imve  lieen  ob.served  to  tiike  place  between  these 
substances  oat'^ide  the  aiiinud  body  (venom,  riciri,  crotin,  tetanus  toxin, 
diphtheria  toxin,  and  their  corresponding  antitoxins). 
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2.  Various  attempts  to  separate  the  toxins  and  antitoxins  froni 
neutral  mixtures  liave  lieeii  failures.  Partial  successes  have,  at  least 
in  some  instances,  been  shown  to  depend  upon  the  fact  that  insuflicient 
time  for  their  complete  union  was  allowed,  separation  being  no  longer 
possible  if  this  were  granted. 

3.  'Vhe  accurae}-  of  th«  titration  of  toxins  and  antitoxins  to  within 
1  per  cent,  of  error. 

4.  Nentrali/^tioii  ta.kes  place  according  to  the  law  of  multiple  pro- 
portions, I.  e.,  to  save  an  animal  from  1000  fatal  doses  of  diphtheria 
toxin  requires  little  more  than  a  liundrcd  times  as  much  antiloxin  as 
is  re()uired  for  ten  fatal  doses,  the  resistance  of  the  animal  itself  accotuit- 
ing  for  the  difference. 

5.  The  fact  that  the  potency  of  antitoxin  is  greatly  increased  if  it  is 
allowed  to  come  in  contact  with  the  toxin  outside  the  animal  body; 
and  is  increased  still  further  If  allowed  to  remain  for  sufficient  time  in 
contact  M-ith  the  toxin  at  a  suitable  temperature,  'l^e  union  takes 
place  more  quickly  at  a  warm  than  at  a  cold  temperature. 

The  facts  now  known,  tlierefore,  indicate  that  the  antitoxins  of 
tetanus  and  diphtheria,  of  snake-poison,  of  ricin,  etc.,  enter  into  direct 
chemical  combination  with  their  respective  toxins.  Many  points, 
however,  are  still  far  from  clear  as  to  the  manner  in  which  both  toxins 
and  antitoxijvs  act. 

Teiting  of  Antitoxin. — This  power,  passessed  by  a  definite  quan- 
tity of  antitoxin  tn  neutralize  a  certain  amount  of  toxin,  is  utilized  in 
testing  antitoxin.  Guinea-pigs  of  about  250  grams'  weight  are  sub- 
cutanentisly  iiijeetefl  with  one  hnndreil  or  with  ten  fatal  doses  of  a 
standardized  toxin,  which  have  been  previouslv  mixed  with  an  amount 
of  anti(ri\iii  l>elieve<l  to  be  surtieienl  to  protect  from  the  toxin.  If  the 
guinea-pig  lives  four  days,  but  dies  soon  after,  the  amount  of  anti- 
toxin adde<l  to  the  ojie  hundred  fatal  doses  of  toxin  was  just  1  unit.  If 
the  guinea-pig  dies  earlier,  less  than  1  unit  was  added. 

ITm  of  Antitoxin  in  Treatment  and  Immunization. — The  antitoxin 
in  the  higher  grncle.s  Ls  identical  with  that  in  the  lower  grades;  there  is 
simply  iiitire  of  ii  in  encli  drop  of  the  senmi.  In  treatment,  however, 
for  the  same  amount  of  antitoxin  we  have  to  inject  less  blood  serum 
witii  the  higher  grades,  and,  therefore,  have  somewhat  less  danger  of 
rashes  and  other  deleterious  results.  The  aincnnit  of  antitoxin  netjuired 
for  immunization  is^lOO  units  for  an  infant.  5fl0  for  nn  adult,  and  propor- 
tionately for  those  between  these  exircTues.  /Vfter  the  obser\ation  of 
(he  use  of  antitoxin  in  the  immunization  of  several  thousand  cases,  1 
have  absolute  liclief  in  its  power  to  prevent  an  outbreak  of  diphtheria 
for  at  least  two  weeks,  and  alnn  of  it*^  almost  complete  hannlessness 
in  the  small  doses  required.  If  it  is  desired  to  prolong  the  immunity 
the  antitoxin  injection  is  repeiite^l  every  two  weeks.  For  treatment, 
mild  cases  slinuUI  In*  given  1500  units,  nuKlerate  oases  2000  to  4000 
units',  and  severe  eases  oOOO  units.  Where  nn  improvement  follows 
in  twelve  hour-s  (he  duM*  slinnld  be  re]L>eated.  IntmvenoUN  inj'.etion.sgive 
most  rapitl  clTecl.     Antitoxin  Is  not  absorbed  when  given  by  (he  mouth. 
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No  deielerioiis  efTerls  are  lo  !w  feared  except  a  rash,  with  some  rise 
of  temperAfnre,  in  nk)out  2^>  per  cent,  of  the  cnses.  In  alioitt  1  per 
cent,  oi  the  cases  swelling  iiiid  U'lulerni'ss  of  one  or  moiie  joints  oceur. 
Kxcept  in  septic  eaaes  no  periTianent  ()i.sahility  ffillnws. 

'ITiere  are  on  ret-oril  sonic  five  or  six  cn-es  where  followinp  an  injec- 
tion ill  a  case  of  <liphthcriii  sndilci]  <tc»th  has  fnlloweiJ.  The  result  is 
probahly  due  lo  Ihe  excitement  caused  hy  the  operation  rather  than  to 
the  scrum. 

With  the  senini  from  some  horses  the  rashes  are  very  itifre(|neiil, 
while  with  tliat  From  others  they  occur  more  often.  T]ie  same  horse 
v^ill  lit  one  time  furnish  a  serinii  ivliich  prfKJutx-s  no  rashes  and  at 
another  one  which  pves  a  great  nund>er.  Xn  way  has  yet  Iwen  found 
to  eliminate  them  entirely.  Kilteriii);  and  moderate  lieating  prwlnce 
little  elTect.  Standing;  for  some  months  causes  u  precipitate  to  occur, 
ami  the  clear  senjni  seems  somewhat  less  !iaJ»le  to  produce  rashes 
than  when  it  was  fresh. 

Use  of  a  Serum  to  Eradicate  Diphtheria  Bacilli  from  Convalescents 
and  Healthy  Fersons. — .\  great  dillirulty  in  conUiiitii)^  diphtheria  is 
this:  tliHt  in  heaithy  children,  but  especially  in  rliphtheria  convalescents, 
despite  the  use  of  antitoxin,  the  iliphtheria  bacilli  often  remain  in  the 
nii.sophiirynx  for  a  very  loii(r  time.  This  is  extremely  annoying,  hrcause 
a  child  so  ufTected  cannut  he  sent  to  school  until  all  diphtheria  Weill! 
have  disappeared  from  the  imsopliarynx.  Wassennaiin  has  done  as 
follows:  A  strongly  ajrfjlutiniitirtr,  niultipartial  diphtheria  serum  is 
evaporatefl  to  tlrvnc.ss  in.  vacnti,  mixed  with  sugar  of  milk,  pulverized, 
and  pressed  into  tablets.  These  tablets  when  dissolvcil  iii  the  month 
CAttse  the  fluids  in  the  nioutJi  to  become  strongly  agglutinating.  The 
r]uestton  was,  and  is.  wlietlier  this  ])ri:>ce.ss  of  agglutination  will  help  us 
to  get  rid  nf  the  diphtheria  bacilli  from  the  nasopharynx  more  (piickly 
and  surely  than  wjis  herctofiHf  piissililc.  His  clinical  e\|>erin)ent3 
thus  far  made  sjienk  in  favor  nf  the  employrnctit  of  thi.s  scrum.  Whereas, 
it  is  no  rarity  for  diplitlu'riii  Imcllli  to  In-  [ircsent  in  the  throats  of  con- 
valescents for  weeks,  he  found  that  in  the  cases  in  which  lhe.se  tablets 
have  iK-en  used  the  Iwcilli  disHp|x'arc<l  within  a  few  days. 

His  metho<l  i.s  this:  A  (ablet  is  allowed  to  dis.solve  in  the  mouth 
slK>ut  every  two  hours,  and  then,  after  fifteen  minutes,  the  child's 
nasopharynx  U  rinsed  out  with  an  indifferent  fluid  in  the  form  of  a 
spray  or  gjirgle.  He  conceives  the  action  to  be  such  that,  whereas  when 
this  senuii  is  not  employed  the  iMphtheria  bacilli  are  scattered  diffusely 
throttghuut  tltr  nasopharynx,  under  the  influence  (if  this  scruui  tliey 
are  agghilinated  or  chinijK'd  logelher.  The  diphtheria  bacilli  are 
massed  together  more  or  less  by  the  serum,  and  Ihe^se  clumps  are  then 
removed  by  the  suljsetjueiil  rinsing.  Tn  this  way  they  are  so  much 
decreased  in  amount  that  the  natural  [>nwer  of  the  organism  is  able 
iimch  more  quicklv  to  make  away  with  tho.se  remaining.  He  has  hopes 
that  this  new  iliphtheria  seniTu  will  lie  destined  to  be  of  great  service, 
p.specially  in  making  prophylaxis  easier  and  in  making  it  possible  to 
spiid  (lie  diphtheria  coiivnleseents  lo    schofd    earlier    than    heretofore. 

14 
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My  own  experience  with  this  serum  ha\-e  been  few  and  unsatisfac- 
tory. 

Development  of  Agglutinins  (or  Diphtheria  Bacilli. — By  the  injec- 
tions of  the  bodies  of  iliphtheria  bacilli  into  animals  nggluliiilns  have 
been  develu|>t:d  in  suQicicnt  uiuount  to  act  in  1 :  500U  dilutions  of  the 
serum.  The  serum  produced  from  diphrheria  bacilli  does  not  agg:lu- 
tinatc  pseudodiplitlK-riii  bacilli  in  hi^b  dilution.'j.  Tlie  scrum  of  iKiticnta 
convalescent  from  diphtheria  has,  as  a  rule,  little  agglutinating  power. 
This  test  is  not  tised  in  diagnosis. 

Penlftence  of  Antitoxin  in  th«  Blood. — When  injections  of  toxin  are 
stopped  in  a  horse  the  antitoxin  is  slowly  eliniinotetl,  so  that  there 
is  a  loss  t]f  about  20  |ter  rent,  a  week.  In  from  three  to  6ve  niunths 
all  a]>preciable  antitoxin   has  been  eliininiited. 

Technical  Points  npoa  the  Testing  of  Diphtheria  Antitoxin  and  the  Bela- 
tiona  between  the  Toxicity  and  Neutralizing  Value  of  Diphtheria  Toxin.— 
During  the  earlier  investigatinns  the  liltered  or  sterilized  bouillon,  in 
which  the  diphtheria  bacillus  had  grown  and  produced  its  "toxin," 
was  .supposed  to  require  for  its  neutralixatior  an  amount  of  antitoxin 
directly  proportional  to  its  toxicity  as  tested  in  guinea-pigs.  Thus, 
if  from  one  bouillon  rnluiit*  ten  fatal  dases  of  "toxin'*  wore  required 
to  neutralize  a  tTrtain  quantity  of  antitoxin,  it  was  Ijelieved  that  ten 
fatal  doses  from  every  culture,  without  regard  to  the  way  in  winch  it 
had  beeu  produced  or  preserved,  would  also  neutralize  the  satue  amount 
of  antitoxm.  T^pon  this  belief  was  (oumled  the  Behring-Ehrlich  <leBiu- 
tiou  of  an  antitoxin  unit. 

The  results  of  tests  by  <lifferent  experimenters  with  the  same  anti- 
toxic serum,  but  with  different  diphthfria  toxins,  proved  this  opinion 
to  be  incorrect.  Khrlich'  de.serves  the  credit  for  first  clearly  penviving 
and  publishing  this.  He  obtained  from  various  sources  twelve  toxins 
and  compared  their  neutralizing  value  upon  antitoxin;  tliese  ti>sts  gave 
most  interesting  and  inipurtant  infonnatton.  Tlii'  resnils  in  four  toxins, 
which  are  representative  of  the  twelve,  are  as  .shown  in  the  following 
table: 
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From  tlie  facta  set  forth  in  the  table,  Elirlicli  believed  tbat  the  diph- 
theria bucilll  in  their  ^rowtli  proilure  a  toxin  which,  so  long  a.s  it  reniHins 
cbeinicalty  unaltered,  has  a  definite  poisonous  strength  with  u  definite 
value  in  neutralizing  antitoxin.  Tlus  neutralization  he  believed  to  be 
a  chemical  union,  in  which  two  humlred  fatjil  doses  of  toxin  for  a  2dU 
grams'  weight  guhiea-pig  couibliie  with  one  unit  of  antitoxin.  The 
loxin  Ls,  however,  an  unstable  compound,  and  Ixigins  to  change  almost 
immeflintely  into  sulwlances  which  an*  not,  at  least  actilely,  poisonous, 
but  which  retain  their  full  power  to  neutralize  antitoxin.  These  sub- 
stances, ucconling  to  Ehrlich,  fell  into  three  gr4Hips.  The  first  has 
more  ailinity  for  combining  with  the  antitoxin  than  the  loxin  itself 
Iprotoxoids).  The  second  has  the  same  aflinity  (syntoxoids).  The 
third  Iws  less  affinity  (epitoxoids).  The  dewlopment  of  Elirlich's 
theories  of  the  chemical  nature  of  this  union  of  \>wt^  and  modified 
toxin  with  antitoxin  is  descril)ed  on  page  165.  The  toxin  with 
it±t  haptophure  group  intact  but  with  it^  toxophure  altenti  \&  tlie 
toxoid. 

Apt^ordiiig  to  him.  if  a  mixture  of  toxoiils  and  toxiu  Ls  milled  to  anti- 
toxin, the  protoxoids  first  combine  with  the  antitoxin;  then  the  syu- 
toxoidn  and  the  toxin  combine  tu  equal  propttrlions,  so  long  as  the 
supply  lusts,  witii  the  amount  of  antitoxin  remaining,  or,  if  there  is  a 
surplus,  with  enough  to  satisfy  them;  finally,  if  any  antitoxin  remains, 
the  epitoxoids  unite  with  it. 

TTie  results  of  these  experiments  of  Atkinson  and  myseir  were  fully 
in  accord  with  those  publlshe<l  by  Khrlich  as  to  the  varying  neutral- 
izing value  of  a  minimal  fatal  <lo^  of  "toxin;''  they,  however,  also 
indicate  roughly  a  general  law  in  accordance  with  which  tliese  changes 
occur. 

The  neutralizing  value  of  a  fatal  dose  of  tuxlu  is  at  its  lowest  in  the 
culture  (hiid  when  ihc  first  considerable  amounts  of  toxin  have  been 
prwiuced.  .Vfter  a  short  [>eriod.  during  wliich  the  quantity  of  toxin 
in  the  fluid  Is  increasing,  the  neutralixing  value  of  the  fatal  dose  begins 
to  increase,  at  first  rapidly,  then  more  slowly. 

U'bile  the  culture  is  still  in  vigiirou.s  growth  and  new  toxin  is  l>eiiig 
produce*],  the  neulmlizing  value  of  the  fatal  dose  fluctuates  somewhat, 
but  with  a  generally  upward  (emleiicy.  After  the  cessation  of  toxin 
producCion  the  neutralizing  value  of  the  fatal  dose  increases  steadily 
until  it  becomes  five  to  ten  times  its  original  amount. 

In  our  ex|>eriments  the  gn-atest  value  for  L^  was  126,  the  least  27. 
As  at  six  hours  L^  was  only  72  and  at  twenty-eight  hours  only  91,  we 
doubt  whether  L.  ever  reaches  above  150.'  When  we  seek  to  analyze 
the  aboveHlescnl>e4l  process  we  find  certain  facts  which  seem  partly 
to  explain  it. 

In  the  fluid  holding  the  living  bacilli  we  have,  after  the  first    few 


■  ScianaX  cf  ExperlmoDlaJ  Hadldna,  vol.  Itl.,  No.  4. 

*  L  ^  —  rftlal  Com*  of  Uixia  lequUvd  to  klU  >  Buit'OA-ptc  In  IMtr  Amjw  ftfler  hftvluc  beea  mixed 
with  one  miMof  ^atluixtn. 
t«  -  IbIbI  doNi  fff  toxin  raqolrad  lo  fuHr  ntalrallw  on*  unll  of  utUtcxin. 
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hours  of  loxin  fommtioii,  a  dotiMe  proces*  (S^oing  on — one  of  deteri- 
onition  in  the  toxin  already  lU'CunuiUU'd.  wliioh  temls  to  increase 
tlie  iieiitniliziiig  vsiliie  of  the  fata!  ilose;  the  olhei'  of  new  toxin  fonna- 
Uon,  which  prolwibly  tencJa  lo  ilimirilsli  tl»e  neiitmlizin^  vhIup.  'I*he 
chemical  changes  prcKhiced  hy  the  frrowth  of  the  hacilii  in  the  iKitiiUoa 
tend  tt)  aiil  om*  or  the  uther  of  tIk-sp  proiTHws,  and  so  to  nmke,  from 
hour  lo  hour,  slight  eliaiijres  in  the  vjduc  of  the  fatal  dose.  Later,  with 
the  period  of  cessation  of  toxin  pnxhiction,  the  f^'i^Ji'sl  deterioration  of 
the  toxicity  alone  continues,  and  the  fatal  dase  gradually  and  steadily 
increases  in  its  netttraliicing  value. 

With  greater  iiiforiiiatioii  Khrlicli  has  had  to  modify  greatly  the 
detiiils  of  his  exphinatinn  of  the  reiison  of  (he  variatitm  in  the  ratio 
lietween  toxicity  and  nciifntliy.inj;  vahie  ui  toxin.  He  now  accepts  the 
fact  that  diplilhcriii  culture  l!uid  contains  at  least  two  toxins. 

Partial  Saturation  Method  of  Study.  -Much  additional  information 
concerninfT  the  iiaturr  of  toxin  ha.s  iMcn  gained  hy  cxi>eriincntin(;  with 
mlxdire.s  of  to.vin  and  antitoxin,  in  which  the  two  arc  present  in  varying 
proporiion.s.  This  is  the  "partial  saturation"  method  of  Khrlich. 
Through  a  number  of  cxperiment.s  Khrlich  obtained  information  which 
jM-niiitteti  hint  lo  r.^liniale  that  2(X)  "hinihng  units"  arc  repn'seiited 
in  the  animnil  o(  diplillicna  toxin  (hypotheticHlIy  pure)  which  is  exactly 
neulrali/A-d  hy  one  Hiilito.xin  unit.  If  tlic  entire  anmunt  of  antitoxin — 
{.  e.,  2no/2<H»,  is  added  to  the  amount  of  to.vin  in  cjucslinn,  comjilete 
neutrulixation  of  the  latter,  uf  i-oursi'.  occurs.  In  v&sc  the  toxin  is  eutirely 
pure,  19020(1  of  the  antitoxin  unit  would  destruy  all  hut  I  200  <)f  the 
initial  toxicity;  and  1.50  'M).  or  100,200.  or  75,'200',  etc..  of  the  aulitoxin 
when  addeii  would  permit  corresiK>nding  depreos  of  toxicity  to  be 
denionstratcrl  tliroujjh  animal  inoculations.  It  was  found,  howewr, 
that  neutralization  aet-onling  to  this  .simple  scale  did  not  take  place. 
'Hie  ri'sults  wei-e  cttniplieatccl,  atid  Khrlich  hits  found  it  c<»nvenient  to 
expres.s  tliem  praphicaliy  in  the  form  nf  ihf  "toxin  s|»cetnnn."  Fnr 
example,  let  U'O  2)X)  nf  the  anllloxiii  unit  lie  addctl  (o  the  }>rofKT  amount 
of  the  to.xiti,  1!(.N21K)  to  another  .similar  amount,  107  2IKI  to  another,  etc., 
down  to  15(),2tKK  In  the  last  mixture,  50  out  of  the  200  hiniling  units 
which  the  ttt.vin  po.sses.ses  are  five,  and  these  ofl,  rather  than  some  other 
50,  arc  free  U^au.sc  they  liave  le.s.s  affinity  for  the  antitoxin  than  the  150 
units  which  were  Imimd.  It  ha-s  l>eeii  fouml  that  those  unit.s  which 
first  Ix-conie  free  are  nuieh  less  tnxEc  than  a  corre.simnding  amonnt  of 
the  original  loxin.  It  was  thouglit  tliat  they  nd^'hl  have  lo.st  their  tnxo- 
phore  gnnips — i,r.,  that  they  wen-  loxiiids;  and  liecau.'*'  of  their  weak 
alFinity  fur  antitoxin  they  were  c:i11ecl  epitnxoEd.i,  It  wa.s  found,  hnw- 
ever,  that  they  pos:><-s9c<l  a  rather  constant  though  hm-  degree  of  t<»xieity 
and  tluit  the  tfixic  action  was  charucterisiic.  Iiijc<'tion  was  followed 
hy  some  local  aNlcina,  then  hy  a  long  inctihation  period,  and  finnlly  hy 
ca<-hcxia  and  paralysi.s.  On  account  of  this  <Iiaractciistic  toxic  action 
and  the  li)ng  incubation  [HTiod,  l-'hrhch  ha.s  coiichnleil  that  the  so-ealled 
e|)itoxoid  is  in  reality  a  separate  toxin  secreted  by  the  diphtheria 
bacilliLs. 
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ToioQ. — This  he  now  dei^i^tmtes  as  toxon  in  onler  to  disti:iK^ii!«h  i( 

>iii  that  other  constituent  of  iliphthcria  bouillon,  the  toxin,  wliich 
raiisos  ihe  acute  phenomena  of  eiiphtheria. 

IjpX  one  now  a<l(l  still  smaller  jinioiintsof  the  antitoxin  unit  to  the 
2(H)  hihilin^  units  of  the  toxin.  Wlien  14!t'2(H)  are  ailtleil  it  is  fount  I  that 
a  certain  umoiint  of  Inie  toxin  reumrns  free,  unci,  nion*over,  is  free  in 
direct  prtipurtion  to  the  amount  of  antitoxin  wlllUtt-lil.  Consetjiiently 
when  hut  .V).20<1  antitoxin  unit  Is  uilded  the  anmniit  of  tnv  inxin  e<int'- 
.s[H>n(i.s  to  KK)  bindinj;  units.  If  true  toxin  only  remained  a  euntiinia- 
tion  ftf  the  experiment  would  show  toxin  rtjuals  l.'yi).  It  fuild  dion  he 
said  tliat  the  con-itilutian  of  this  toxin  is :  toxin  l.M>  and  loxon  50.  How- 
ever, it  may  be  found  that  as  49/200,  48,200,  etc.,  to  Ol'M)  antitoxin 
unit  arc  ad<lpd,  no  incrca.se  of  free  toxin  is  fomid.  altlioiiph  the  antitoxin 
adtle<l  ha.s  lieen  found.  'l'li«'n'fim\  the  'lO  ftixiu  bimhiij;  units  which 
have  the  preatest  afHnitv  for  antitoxin  are  n<iii-toxie^i'.  c,  they  arc 
tnxoiils,  luid  since  tlicy  have  the  niaxiniuin  allinity  for  antitoxin  they 
art*  railed   proloxuids. 

It  has  l)cen  iissuiued  alsrj  thai  a  toxoid  may  exist  which  has  an  aflRnity 
for  antitoxin  exactly  e*(ualHnfr  that  which  toxin  pivssesses;  this  jim  yet 
[puivly  h>'potheti{-"al  <'on.stitueut  hears  the  name  of  .sjvmoxoid. 

Refinements  in  experimentation  .show  that  even  the  true  toxin  is  not 
unifarni  iti  its  virulence  an(i  its  affinity  for  antitoxin.  AcrordinKly.  a 
prototoxin.  a  deuten^toxin,  and  ii  irilcitoxin  may  be  recojjnized  by  this 
same  partial  .saturation  nicTltoil.  Kcir  fxamjile,  it  may  U'  foniu]  that 
when  a  portion  of  tin-  antiti>xiTi  unit,  between  ihe  limits  of  U!)/2(XI  atid 
125''200,  is  witldteld,  u  toxin  is  left  free  which  is  less  virulent  than  lliat 
rcniainiii^  free  U-tween  the  limits  of  124/20l>  and  100/200;  emrI  fmui  tins 
point  on  the  new  unUmm]  toxin  may  l»e  .still  inon*  virulent.  'ITie  first 
would  be  Iritotoxin.  Ihe  second  dcuten>toxin,  ami  the  third  prolotoxin. 

A  "spectrum"  ha^nnp  been  worked  out  for  a  toxin  when  fresh,  an 
examination  made  some  time  later,  a  year  for  example,  may  show  many 
chaixpps.  The  prototoxiu  zoiu-  ami  jx>rtion.s  of  the  deuterotoxin  or 
Iritotoxin  may  also  have  di,sa]>peared  U'caiise  of  toxoid  formaiion. 
TIjese  changes  have  led  to  the  reeo^iition  of  an  alpha  :intl  a  beta 
niodilieiilioii  of  the  toxin  portions.  The  utpha  niotll heal  Ions  of  all 
three  toxins  readily  Ix^eome  toxoids.  Only  the  Iwta  modifieation  of 
the  deiileroloxin  remains  (.x>nslant.  The  toxon  portion  also  remains 
irlatively  intact. 

Stxmmu;. — To  summarize  Khrlich's  views  as  to  the  nature  of  diph- 
theria toxin:  The  <Iiplilheria  bacillus  secretes  tsvo  toxins,  one  of  which. 
the  toxin,  cau.ses  the  acute  phenomena  of  diphtheria  intoxication,  while 
llje  other,  the  toxon,  causes  cachexia  and  paralysis  after  u  rather  long 
prriiHl  of  incubation.  'Hie  nun-toxic  loxiri,  tn'  toxoid,  up|iejirs  ivs  the 
result  of  the  degeneration  of  ihc  toxoplioiv  gi'onp  of  the  toxin,  the 
hiiplophun>  f;n)Up  n-nniiiiing  intact.  The  toxin  may  be  separated  into 
three  divisions,  which  vary  In  tlieir  alfinity  fur  aniiloxin— prototoxin, 
denterotoxiii,  and  trilotoxin.  On  the  same  basis  there  are  three  toxoids 
— ptvtoxoids,  syntoxoiils,  ami  epitoxoid  (ihe  toxon] — the  first   having 
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tlie  greatest  atfinitv  for  antitoxin,  while  the  epitoxoid  lias  tlii'  leiutt. 
I'he  toxins  arc  divided  into  an  alpha  and  a  beta  portion,  dcpendinj;  oq 
the  ease  with  which  they  are  changed  into  toxoids.  All  of  these  sub- 
stances imite  with  tissue  cells  and  with  antitoxin  through  the  agency 
of  a  hfiptophnre  gmnp,  while  thf  toxicity  depends  on  the  presence  of 
a  toxophore  group  in  the  toxin  or  toxon  nioleciilf. 

Bordet  and  others  refuse  to  accept  these  complicated  conceptions 
of  Ehrlich  and  the  whole  mutter  is  at  the  pn-sent  time  nndcr  active 
discussion.  Thus  the  existence  or  non-existence  of  toxons  has  excited 
a  great  deal  of  discussion  among  investigators,  llic  great  Swe*llsh 
clicmist,  Arrlieniiis,  has  recently  given  mueh  attention  to  toxiiis  and  is 
applying  the  principles  of  physical  chemistry  to  the  study  of  toxins 
and  antitoxins.  It  is  a  well-known  fuct  that  some  chemical  substances 
when  in  solution  have  the  jwwcr  of  lireaking  up  into  their  constituent 
parts;  thus  soilinni  chloride  breaks  up  in  part  into  sodium  and  chlorine, 
as  sodinni  or  chlorine  ions  or  electrolytes.  The  dissociated  sodinin  and 
chlorine  may  then  enter  into  combination  with  any  other  suitable  su^t- 
stance  which  may  be  present.  Arrhenius  holds  that  this  is  the  case 
with  the  toxin-antitoxin  molecule,  that  it  may  to  a  certain  extent  again 
break  up  into  separate  toxin  and  antitoxin.  He  Iwlievcs  that  this  dis- 
sociated toxin  is  the  substance  which  Ehrlich  has  been  calling  toxou. 
Madften,  who  formerly  had  done  much  work  \^^th  toxoas.  ha.s  now 
joined  with  Arrhenius  in  sui)(>ort  of  the  dls.sociation  theory.  In  spite  of 
their  rea-soinng  Klirlirh  and  his  followers  continue  to  nphoUl  the  to^on 
as  an  independeol  toxic  suKstnncc.  Recent  investigations  throw  doubt 
on  l«>th  explsiimtioTis  n.s  Iwing  at  all  final. 

Standard i2inK  of  Antitoxin  Testing, — Ehrlich  has  contributed  greatly 
to  uniformity  in  residts  in  testing  antitoxin  by  calling  siltention  to 
the  necessity  of  selecting  a  suitable  toxin  and  by  employing  aud 
distributing  an  antitoxin  as  a  standanl  to  test  toxins  by.  In  tliis  way 
smaller  testing  stations  can  make  their  results  correspond  with  those  of 
the  central  .station.  The  Uiitte<l  Stales  Marine  Hospital  lalrtratories 
have  recently  begun  to  distribute  lo  laboratories  in  the  United  Stales 
an  i'<[uaUy  cai-efitlly  sliindarili/.ed  serum. 

In  .spite  uf  the  great  variations  in  the  neutroli/ing  value  of  a  fatal 
dase  in  dilTerent  toxins  we  \.\o  not  believe  thai  even  iK'forc  adopting  the 
use  of  a  standanj  sennn  there  has  been  any  such  great  <li(ferenee  io 
the  toxins  usetl  by  the  <iifferent  stations  for  testing  pur[M>3es.  Most 
laboratories  have  Uiken  the  culture  flui*!  at  about  the  time  of  its  greatest 
toxicit)',  anrl  the  neutralizing  value  of  a  fatal  dose  of  tins  toxin  would 
seldom  vary  more  than  10  per  cent,  above  or  Iielow  the  standard  now 
adopted  in  Ciennany  by  the  government  testitig  station. 

Where  i-rmr  has  Iwi-n  nitule  it  has  usually  U-en  by  taking  loo  old 
culture  fluids,  which  woulil  cause  the  ntititoxin  strength  of  samples 
tcstc^l  to  lie  estimated  below  and  not  alM»\'e  its  real  value.  Odtnre  S, 
which  is  useil  not  only  by  tlie  New  York  Board  of  Health  T^boratorj", 
but  by  many  other  laboratories  in  the  United  States  and  Europe,  for- 
tniuitely  produces  on  tlie  sixth  to  eighth  day — the  time  at  which  the 
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culture  is  usually  removed — o  toxin  which  usually  grades  Ehrlich's 
antitoxin  within  5  per  rent,  of  the  strength  given  by  him. 

We  believe  that  by  using  such  Ji  barillus  we  can,  after  gaining  a  fuller 
knowledge  of  its  characteristics,  obtain  a  toxin  of  a  known  and  suitable 
neutnilizing  value,  and  tlnis  always  correctly  standurdiw;  an  antitoxic 
sertim  in  case  the  present  stations  cea.'*e<!  to  supply  a  testing  serum. 
This  is  certainly  tnie  for  the  bacillus  which  we  have  used  for  the 
pa-st  ten  years.  A  preparation  of  a  carefully  testeil  antitoxin  is  of 
immense  value  in  ensuring  a  uniform  standard  among  the  different 
testing  stations  and  in  allowing  of  roiuparison  between  them. 

The  old  definition  of  Rchring  and  I'^hrlifh,  that  an  antitoxin  unit 
contains  the  amount  of  antitoxin  wliicli  will  protect  the  life  of  a  guinea- 
pig  from  one  hundred  fatal  doses  of  toxin,  must  be  modified  so  as  to 
be  liefined  as  that  amount  of  antitoxin  winch  will  neutralize  one  hun- 
dred fatal  doses  of  a  toxin  siniiliir  !.o  that  adopted  as  the  stan<lard — 
namely,  one  having  approximately  the  characteristics  of  toxins  in  cul- 
tures at  the  height  of  their  toxicity. 

The  actual  test  of  an  antitoxin  serum  is,  therefore,  carried  out  as 
follows;  Six  guinea-pigs  are  injeote<l  with  mixtures  of  toxin  and  anti- 
toxin. In  each  of  the  niixttin*.'-  iht-re  is  100  (iiuc-s  the  amount  of  a  toxin 
such  as  just  described,  which  will  kill  250  gnn.  of  guinea-pig  on  an 
average  in  ninety-six  hours.  In  each  of  the  mixtures  the  amount  of 
antitoxin  varies;  for  instance,  So.  1  would  contain  0.002  c.c.  senim; 
No.  2.  0.00:i  c.c:  No.  :i.  0.004  c.c;  No.  4,  0.00.")  c.c.  etc  If  at  the  end 
of  the  fourth  day  Nos.  1,  2,  and  3  were  dead  and  Nos.  4,  .*>,  and  6 
were  alive  we  would  consider  the  serum  to  contain  200  units  of  anti- 
toxin for  each  cubic  centimetre.  When  we  mix  only  ten  fatal  doses 
of  toxin  with  one-tenth  of  t1ir  aniniiiiC  of  anlitoTcin  used  with  one  hun- 
divil  fatal  doses  tlie  ginnea-pig  must  remain  well.  The  mixed  toxin 
and  antitoxin  must  n-niain  rogt'tlicr  for  fifteen  minutes  before  injecting. 

BeUtion  of  But«riology  to  Diagnosia. — \\q  believe  that  all  experienced 
clinicians  will  agree  that,  when  left  to  judge  solely  by  the  appearance 
and  symptoms  of  a  ca.sp,  there  are  certain  mild  exijdative  inflammations 
of  the  throat  which  are  at  times  excited  by  Hiphtheria  bacilli  and  at 
times  by  other  bacteria. 

It  is  not  meant  to  imply  that  a  case  is  one  of  true  diphtheria 
simply  because  the  diphtheria  biirilli  are  present,  hut  rather  that  llie 
doubtful  ca.se<:  not  onlv  have  the  diptitlieria  bacilli  in  the  exudate, 
but  are  capable  of  giving  tnie  churnelertstir  diphtheria  to  others, 
or  later  develop  it  characteristically  themselves;  and  that  those  in 
whose  throats  no  diphtheria  bacilli  exists  can  under  no  condition  give 
true  characteristic  diphtheria  to  others,  or  develop  it  themselves 
unless  thcv  receive  a  new  infection.  It  Ls,  in<feed,  true,  as  a  nilc, 
that  cases  presenting  the  appearance  of  onlinarTi'  follicular  tonsillitis 
ill  adults  are  not  due  to  the  (]i])litheria  bacillus.  It  is  also  true  that 
now  and  then  a  ra.se  having  this  apja'arance  is  one  of  diphtheria,  and 
ftlmost  every  physician  has  seen  such  cases  fr()ni  time  to  lime  in  house- 
holds iufectea  with  diphtheria.    On  the  other  band,  in  small  chiUIren 
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mild  Hiplitherin  ven'  fre<|iicnliy  occurs  with  tlie  srtublauc-i;  of  rather 
severe  onJinarv  foUiciilnr  lunsillitis,  ilue  to  (he  pyoi^enic  cotti,  iind  id 
larjie  cities  where  diphLhcria  is  prevalent  all  sticli  cases  must  {ye  watched 
35  bcinf;  more  or  less  .su.spiciniis.  Xs  showing  <lniibt  in  our  judg- 
ment, 1  Ihink  ninsl  would  feel  dint  if  in  any  case  expiwure  to  di|ihtlirriH 
is  known  to  have  occurreil,  even  i)  sHphtly  suspirimj-s  sore  thruut  windd 
be  rognrrled  as  prdltiilily  iltie  in  llie  ili|ihil>iTia  hiM-illi.  If,  mi  the  otiicr 
hand,  no  cases  of  iliplitlieria  have  Ix-cn  known  to  exist  in  the  neighbor- 
hood, even  eases  of  a  nioix*  sitspiciuti^  nature  wouli]  pmlmlilv  not  be 
n'ganled  us  fliplitheria. 

Appearances  Oharacterutic  of  DiphtberU. — The  presence  of  irregular- 
shaped  patches  of  adheienl  grayish  or  yellowwh-gray  pseudomeuihrane 
or  some  other  portions  than  the  tonsils  is,  as  a  rule,  an  indication  of  the 
activity  of  the  diphtheria  liacilli.  Kestricteil  to  the  tonsils  alone  their 
presence  is  less  certain. 

Occasionally,  in  scarlatinal  angina  or  in  severe  phlegmonous  sore 
throats,  jMitclics  of  exudate  may  appear  on  the  uvula  or  Ijtinlers  i>f  the 
faneial  pillars,  and  still  the  case  may  not  he  due  to  (he  diphtheria  bacilli; 
these  are,  however,  exceptional.  Thick,  grayish  pseudoniemhranes 
which  cover  large  portions  of  the  tonsils,  soft  palate,  and  nostrils  are 
almost  invariabiy  the  lesions  prodncefl  by  diphtheria  bacilli. 

The  very  great  niajoritj*  of  rases  of  pseudomembranous  or  exudative 
laryngitis,  in  the  coast  cities  at  least,  whether  an  exudate  is  present  in 
the  pharynx  or  not,  are  due  to  the  diphtheria  bacilli.  Cases  hi  which 
no  exudate  is  appaivnt  and  (hose  in  which  llie  larvngeal  dhslnictinn  is 
sudden  and  the  spnsniorJic  clement  is  markwl  are.  however,  fretiuently 
due  to  the  activity  of  other  l»acteria.  Nearly  all  membranous  atfee- 
tions  of  the  nose  are  tnje  diphtheria.  When  (he  membrane  is  limited 
to  the  nose  the  svmptoras  are,  as  a  rule,  very  slight;  hut  when  the  naso- 
pharynx is  involveil  the  symptoms  are  usually  grave.  Ordinarily  a 
small  area  of  inflammation  indicates  a  slight  or  moderate  severirk*, 
and  an  extensive  area  a  severe  infection. 

Most  cases  of  pseudoniend»ranes  and  exudates,  entirely  con6ned 
to  portions  of  die  tonsils  iLi  adults,  are  not  due  to  the  iliphtheria  bacilli, 
although  a  few  cases  presenting  these  symptoms  are.  The  more  com- 
plete the  involvement  of  the  tonsils  the  more  apt  the  case  is  to  be  due 
to  ihera.  Cases  presenting  the  appearances  found  in  scarlet  fever,  io 
which  a  thin,  grayish  membrane  lines  the  Iwrders  of  the  uvula  and 
faucial  pillars,  are  rarely  diphtheritic.  .\s  a  rule,  pseudomembranous 
inflammations  complicating  scarlet  fever.  s\*pliilw.  and  other  infectious 
diseases  are  due  to  the  activity  of  the  pathogenic  cocci  ami  other  bac- 
teria, inducetl  hy  the  inflamed  condition  of  the  mucous  membmnes 
due  to  the  scarlatinal  or  other  poison.  Rut  fmin  time  to  lime  such 
cases,  if  they  have  been  exposed  to  diphtheria,  may  lie  complicated 
by  it,  and  in  some  epidemics  mixed  infection  is  common. 

Exudate  Dae  to  the  Diphtheria  Bacilli  Contrasted  with  that  Doe  to 
other  Bacteria. — As  a  mie,  the  exudate  in  diphtheria  ia  firmly  incor- 
porated with  the  underlying  nuK'oiis  membrane,  and  cannot  be  removed 
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wilhoui  lea\"inpi  a  blecdinf;  surface,  at  least  until  convalescence.  The 
tBsue*  surroiin(iinp  rlie  fxiKlate  are  more  or  less  inflameil  and  swollen. 
Where  olber  bacteria  proiluce  the  irritant  the  exudate,  excepl  in  cases 
due  to  the  luicilliis  tle.scnl)e(l  hy  Vincent,  is  tisnally  lotjetely  attached, 
collected  in  small  masses,  unci  easily  removable.  Kxceptions,  bow- 
e>'er,  oenir  in  lH>tli  tlii-se  ili.scast's,  so  tbat  in  tnit-  di|>hl)icriH  the  rxiidute 
may  l»e  easily  remove<l.  and  in  lesions  due  Ic  otlier  bacteria  the  exudate 
may  be  firmly  udberciit. 

Paralysis  followiiif;  a  [>.seudomerabranoiis  inHammation  i.s  an  almost 
positive  indication  tbai  the  ca.sc  was  one  of  diphtheria,  altbouyh  sli<;bt 
paralysis  has  fi»llowed  in  a  very  few  casfs  in  whieli  careful  cultnres 
rrvealed  no  dipbtheriii  bacilli,  'nu-se.  if  not  true  diphtheria,  must  be 
considered  very  excej>ti()n!il  cases. 

BactAriological  Diagnosis. — Fmni  the  above  it  is  apparent  that  fiiUy 
<leveIoped  characteristic  ca.se.'i  of  diphtheria  are  readily  diajEn^osticated, 
but  that  many  of  the  less  marked,  or  at  an  early  pcrimi  undeveloped, 
cades  are  difiicult  to  differentiate  the  one  from  the  other.  In  these 
cases  cultures  are  of  the  utmost  value,  since  they  enable  us  to  isolate 
those  in  which  the  bacilli  are  found,  and  to  fiive  preventive  infections 
of  antitoxin  to  both  the  sick  anil  those  in  eonlact  with  tlieni,  if  this  has 
not  already  lieen  done.  As  u  rule,  cultures  do  not  give  us  as  much 
infunnation  us  to  the  gravity  of  the  case  as  the  clinical  apiH'arances, 
for  by  the  end  of  twenty-four  to  forty-einht  hours  the  extent  of  the 
disea^-  is  usually  possible  of  detenu i nation.  The  reported  absence 
of  bacilli  in  a  tnilture  rau.st  lie  jriven  weight  in  proportion  to  the  skill 
with  which  the  culture  was  made,  the  suitableness  of  the  media,  the 
location  of  the  disease,  and  the  knowledge  and  experience  of  the  one 
who  examined  it. 

Diphtheria  does  not  occur  without  the  presence  of  tlie  diphtheria 
ImciII!;  but  (bi'iv  have  licen  uuiny  cases  cif  diphtheria  in  which,  for  one 
or  another  reason,  no  bacilli  were  found  in  the  cultures  by  the  examiner. 
In  many  of  these  ca-scs  Inter  cultures  revealed  them.  In  a  convalescent 
CBse  the  aljsence  of  bacilh  in  any  one  culture  indicates  that  there  are 
certainly  not  many  jjacilli  left  in  the  throat.  Only  repeated  cultures 
can  prove  their  total  aKsence. 

TcfuxtQiTK  OF  THK  Bactkriolocicm.  I)i.\gno81S.  Collection  of 
ihf  Blood  Sentm  and  ifji  Vreparation  for  Une  in  Cultures.— A  covered 
g^sss  jar,  which  has  l>eeu  thorouglily  cloanseil  with  hot  water,  is  taken 
to  the  slaughter-house  and  filled  with  freshly  she<l  bloo<l  from  a  calf  or 
sheep.  Tlic  blood  is  rci-eivcd  directly  in  the  jar  as  it  s))urt.s  from  the 
cut  in  the  throat  of  ilie  animal,  .\fter  the  e<!ge  of  the  jar  has  been 
wiped  it  is  covered  with  the  lid  and  set  aside,  where  it  may  stand  quietly 
until  the  blowl  has  thoroughly  clotted.  The  jar  is  then  carried  to  the 
lalwratoni'  and  placeil  in  an  ice-ciiest.  If  the  jar  containing  the  blood 
is  carried  al>out  In-fore  the  latter  has  clotted,  very  imperfect  .separation 
of  the  .senmi  will  take  place.  It  is  well  to  inspect  the  blood  in  the  jar 
after  it  has  been  standing  a  few  hours,  and,  if  the  clot  is  found  adhering 
to  the  s'lAes,  to  separate  it  by  a  rnd.     Tlie  blood  is  alloweil  to  remain 
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twenty-four  hours  on  the  ice,  and  then  the  serum  which  surrounils  the 
clot  is  syphoned  off  by  a  nihher  tube  ami  mixeii  with  one-thirH  its  quan- 
tity of  nutrient  beef-broth,  to  which  1  per  cent,  glucose  has  l>eeii  added. 
This  constitutes  the  Ixjeffler  bloo<l-senim  mixture.  This  is  poured 
into  tul»es,  which  should  be  about  four  inches  in  lenfjth  ami  uiie-half 
of  an  inch  in  diaini'ter,  liuviii^;  Ikth  previously  phi^f^l  with  cotton 
ami  sterilized  by  dry  heat  at  150°  C.  for  one  hour.  Care  should  \x 
taken  in  filling  the  tubes  to  avoid  (he  fonnation  of  air  bubbles,  as  Iher 
leave  a  permanently  uneven  surface  when  the  serum  has  been  coagu- 
lated by  beat.  To  prevent  this  the  end  of  the  pipette  or  funnel  which 
contains  the  serum  should  l»e  inserted  well  into  the  test-tube.  About 
3  C.c.  are  sulfit-ictit  for  ejirh  lidn-  if  the  small  siwi  w  employed,  if 
not  n  c.f.  are  re<|uircd.  The  tubes,  having  been  filled  to  the 
refjuireil  height,  are  now  to  be  coagidate<l  and  sterilized.  They 
are  pluced  slanted  at  the  proper  angle  and  then  kept  for  two  hours 
at  a  lemperaturc  just  below  Ub"  C.  For  this  purpose  a  Koch  serum 
coaguialor  or  a  double  boiler  s<Tves  ^)est,  though  a  steam  s(erilir.er 
will  suffice.  If  the  latter  is  used  a  wire  frame  must  be  arranged  to  hold 
the  tubes  at  the  proper  inclination,  and  the  degree  of  heat  nuiat  br 
carefully  watchiil,  as  otlierwlse  the  tcrajK-ratun'  may  go  too  high,  and 
if  the  serum  Is  actually  boiled  the  cultui-e  tneiliiim  will  l>espoile»i.  After 
stertli/ation  by  this  pmccss  the  tuWs  containing  the  sterile,  solidifies! 
blood  senim  can  be  placed  in  covered  (in  I>oxes,  or  slnp[>eil  with  sterile 
paraffined  corks  and  kept  for  months.  The  sennn  thus  prepared  is 
quite  op»que  and  firm. 

SuHib  for  Inovnlntituj  Culture  Tubes. — The  swab  we  use  to  inocu- 
late the  serum  is  made  as  follows:  A  stiff,  thin,  iron  rod,  six  inches  in 
length,  is  roughened  at  one  end  by  a  few  blows  of  a  hammer,  and  about 
this  end  a  little  absorbent  cotton  is  finnly  wound.  Kach  swab  is  then 
placed  in  a  separate  glfl.<is  tube,  and  the  innulhs  of  the  tubes  are  plugged 
with  cotton.  The  tubes  and  rrxls  are  then  sterili/^d  by  drj'  heat  at 
about  1.50°  r.  for  one  hour,  and  storeil  for  future  u-se.  These  cotton 
swabs  have  proved  much  more  serviceable  for  making  inoculations 
than  platiiium-wire  needles  or  wooden  sticks,  especially  in  young  chil- 
dren and  11]  laryngeal  cases.  It  is  eiisler  to  use  the  cotton  swab  in  such 
cases,  and  it  gathers  up  so  much  more  material  for  the  inoculation 
that  it  has  seemed  more  reliable. 

For  convenience  and  safety  in  transportation  "culture  outfits"  have 
been  devised,  which  consist  usually  of  a  small  wooden  l>ox  containing 
a  tube  of  bliKJil  senun,  a  lul»e  holding  a  swab,  and  a  record  blank. 
These  "culinre  oulfit.s'*  may  Ijf  carried  or  sent  by  messenger  or  express 
to  any  place  desired, 

Dirtviionx  }(tr  In(Hriifntituj  Cuiture  Tubes  riith  the  Exudate. — The 
patient  is  plucetl  in  a  good  light,  and,  if  a  chtkl,  properly  held.  I'he 
swab  is  removed  from  its  tube,  and,  while  the  tongue  is  depn*s.sc«i  with 
a  spoon,  i^  pAS.«teil  into  the  pharynx  (if  possible,  without  touching  tl» 
tongue  or  other  parts  of  the  mouth)  and  is  rubbed  gently  but  finnly 
against  any  ^'isJble  membrane  on  the  tonsils  or  in  the  pharynx,  and 
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then,  without  being  laid  down,  (he  swab  is  immediately  inserted  in 
the  bluod-seruin  tube,  and  the  purtioii  which  htm  previuuslv  )>eeti  in 
contact  with  the  extidate  is  rubbed  a  number  of  times  bock  nnd  forth 
over  tlie  whole  surface  of  the  serum.  Tliis  should  be  done  thoroujijiily, 
but  it  is  to  itc  pently  done,  so  as  not  to  break  the  surface  of  the  serum. 
The  swah  should  then  be  placed  in  its  tube,  and  both  tubes,  thin  cotton 
l^ugs  having  been  inserted,  are  rp.served  for  examination  or  sent  to 
the  laboraton.-  or  collectinf;  station  (as  in  New  York  City).  If  sent 
to  the  healtli  department  lalxiratories  for  examinatiDii  the  blank  forms 
of  rejMirt  which  usually  ncconipany  each  "outfit*'  should  l>e  filled  out 
and  forwarded  with  tlie  tubes. 

\Miere  there  is  no  visible  membraue  (it  may  be  present  in  the  nose 
or  larynx)  the  swab  should  be  thoroughly  rubbed  over  the  mucous 
membrane  of  the  pharj'nx  and  tonsils,  and  in  the  nasal  cavities,  and  a 
culture  made  from  these.  In  ven**  yoimg  children  care  should  he  taken 
not  to  use  the  swab  when  the  throat  contains  food  or  vomited  matter, 
as  then  titc  liacterinlogioal  examination  is  rendered  more  difficult. 
Under  no  conditions  shoidd  nny  ntlempt  lie  mmle  to  collect  the  material 
shortly  after  the  application  of  strong  jli-siiifcctants  (especially  solu- 
tions of  corrosive  sublimate)  to  the  thrtrnt. 

Examination  of  CiiUure^. — Tiie  culture  tulws  which  have  been 
iuoculate<l,  as  described  ahove,  ai'e  kept  in  an  incubator  at  37*^  C.  for 
twelve  hours,  and  are  then  ready  for  examination.  When  preat  haste 
is  required,  even  five  hours  will  often  suffice  for  a  sufliciert  growth  of 
bacteria  for  a  skilled  examiner  to  de<'ide  a.s  to  tlie  presence  or  absence 
of  the  bacilli.  On  inspeciion  it  will  be  seen  that  the  surface  of  the 
blood  serum  is  dotted  with  numerous  colonics,  which  are  just  visible. 
No  diagnosis  can  be  made  from  simple  inspection;  tf,  however,  the 
serum  is  found  to  In.*  liquefied  or  shows  other  evidences  of  coutaniina- 
lion  the  exauiuiatiun  will  probably  be  unsatisfactory. 

In  order  to  make  a  microscopic  preparation  a  clean  platinum 
needle  is  inserted  in  tlie  tul>e  and  quite  a  large  number  of  colonics  arc 
swept  with  it  from  the  surface  of  the  culture  medium,  n,  part  l>eing 
selected  where  small  colonies  only  are  found.  A  sufficient  amount  nf 
tlie  Iwcteria  adherent  In  the  needle  is  wh.sIk'iI  ofl'  in  the  dri)p  of  water 
previously  placed  on  the  cover-glass  and  smeared  over  its  surface. 
The  bacteria  on  the  glass  are  then  allowed  to  dry  in  the  air.  The  cover- 
glass  is  then  passeil  quickly  through  the  flame  of  a  Bimsen  burner  or 
alcohol  lump,  three  times  in  the  usual  wav.  covered  with  a  few  drops 
of  IxKjffler's  solution  of  alkaline  methylene  blue,  ami  left  without  heat- 
ing for  live  to  ten  mimiles.  It  is  then  riuse<i  olf  in  clear  water,  dried, 
and  mounted  in  balsam.  When  other  methtids  of  staining  are  desired 
they  are  carried  out  in  the  proper  way. 

In  tlie  great  majority  of  cases  one  of  two  pictiues  will  be  seen  with 
the  T^j  oil-immersioii  lens — eitlier  an  enormous  nnmlier  of  character- 
istic l^ioefiler  bacilli,  with  a  moderate  numlMT  of  cocci,  or  a  pure  culture 
of  cocci,  mostly  "n  pairs  or  short  chains.  (Sec  Streptococcus.)  In  a  tew 
cases  there  wUl  be  an  approximately  even  mixture  of  Loeffler  bacilli 
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and  i'occ'x,  nml  in  others  a  ^reat  excess  of  cocci.     Itesides  th<se.  thrre 

uiti  he  ocnutionally  met  f>re|Mtnili()iw  in  whii-h,  witli  ihe  et>cci,  (here 
are  iniiinled  bacilli  more  or  less  reseniMinjj  the  1-orfflrr  Iwcilli.  Theae 
Iwirilli,  wliieh  are  usimlty  tif  the  jiseuiltHliphlheria  type  of  bacilli  (see 
Fij;.  (lit),  are  e^speriiilly  fr('(|ueiH  in  cultures  fnini  the  nose. 

In  nol  more  llmii  one  ea-se  in  twenty  will  there  l>e  iiny  serious  <liflirulty 
ill  making  the  iliiifrMosis,  if  tlie  serum  In  Ihe  tiilte  was  inoiNt  and  had 
been  pr()fH'rty  inociilitled.  In  ^tich  u  case  another  culture  niusi  l»e 
made  or  the  bacilli  plated  out  and  tested  in  pure  cidture. 

Direct  At icroscitpie  KTamtnaliim  oj  ihe  EjrudntF.—Ajx  immediate 
diagnosis  wjtliout  the  use  nf  cultures  i.-i  often  possible  from  a  niicro- 
scopir  examinfition  of  llie  exudate.  This  is  made  by  sntearinf;  a 
slide  or  cover-glass  with  ii  litlle  of  Uie  exudate  from  the  swab,  drying, 
heating,  staining,  and  examining  il  micrtiscopically.  This  examination, 
however,  is  inuch  iiiori'  diflirull,  auil  the  ivsnlts  are  nmre  uncertain 
than  when  the  covers  are  prepared  from  cultures.  The  Imrilli  fn«n 
the  membrane  urv  usually  less  typical  in  appearance  than  those  found 
in  cultures,  and  they  are  mixed  with  Hbrin,  pus,  and  epithelial  itIIs. 
They  may  also  be  very  few  in  number  in  the  parts  reache4i  by  the  swab, 
or  Uacilli  may  l>e  met  with  which  closely  resemble  the  l^oetHer  bucilli  in 
appearance,  hut  which  differ  greatly  in  growth  and  in  other  chnrac- 
teristies,  an<l  have  ahsnhitelv  no  connection  with  them.  When  in  a 
smear  eontaintng  mostly  cocci  a  few  of  these  doubtful  Imeilli  are  present, 
it  is  impossible  eitlier  to  exclude  or  (o  make  the  diagnosis  of  diphtheria 
with  I'crtuinly.  Although  in  some  ca.vs  this  iTinnediate  examination 
may  l>e  of  the  greatest  value,  it  is  not  a  methml  suitable  for  general 
use,  and  should  always  lie  eontr<_>lled  by  cultures. 

When  carrie<l  out  in  the  Iwst  manner  an  experienced  bacteriologist 
may  obtain  remarkably  accurate  result.s.  Higley  in  New  Vork  in  a 
series  of  consecutive  throat  eases  made  the  same  diagnosis  from  the 
dini-t  exaininatioti  uf  smears  as  the  Ib-iihli  I )epjirtntent  lal>oratory 
made  from  the  culture.  To  get  the  exudate  he  useil  a  prolie  armed 
with  a  loop  of  lieavy  copper  wire  whieli  has  been  so  flattened  as  to 
act  as  a  bhmt  curette.  He  makes  thus  thin  smears  fnim  the  exudate. 
After  drking  and  fixing  by  heal  tiie  smears  are  stained  for  five  seconds 
in  a  solution  made  by  adding  Jive  drops  of  Kijhnes  rnrlxilie  methylene 
blue  in  7  c.c.  of  tap-water.  After  wiL-^hiiig  and  drying  stain  for  one 
minute  in  a  solution  of  It)  rlrops  of  carbol-fuehsin  in  7  c.c.  of 
water.  The  dilute  sohition  should  Ik*  fr<'ely  prepare<l.  The  diphtheria 
bacilli  will  iip|iear  ns  ilnrk-red  or  vit»let  n»ds,  and  their  cc»nlour. 
moile  iif  division,  and   arrangement   are  iiiaiiifesl. 

Animal  I tutculntum  a»  a  TrM  of  Vindencr. — If  the  deternunalion  of 
the  virulence  of  the  luicilli  found  is  of  importance,  animal  in<x'uhitioTLS 
nmst  l>e  made.  Experiments  on  aniiiuils  form  the  only  nietluNl  of 
detcnnining  with  certainty  the  vlrulentv  «^f  the  diphtheria  bju-ilhis. 
For  this  puriMJse,  alkaline  broth  cultures  of  forty-eight  hours'  growtli 
should  Iw  used  for  the  subcutaneous  inoculation  of  guinea-pigs.  The 
amount  injected  should  not  lie  more  than  one-fifth  per  cent,  of  the  body- 
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weigh!  of  (he  animal  inociilnled,  imlr«»  conirols  with  antitoxin  are  made. 
Ill  the  Ur|»e  uiajorit;v-of  cases,  when  the  bacilli  are  virulent,  this  amount 
causes  death  within  sevent\'-two  hours.  At  the  autopsy  the  chariieier- 
Lslit;  losifiDS  already  desriiljed  are  Found.  Haeilli  whidi  in  cultures 
auti  in  animal  ex^wriments  have  shown  tliemselves  to  he  ohuriieteri.stic 
may  lie  repinled  fcir  praelical  purfxises  ay  eeriuinly  tnie  diphtheria 
hacilli,  and  aa  capable  of  protluemg  diphtheria  in  man  under  favorable 
conditions. 

For  an  absolute  lest  of  .specific  virulence  antitoxin  tnxint  he  iise<l. 
^linea-pi^  is  injected  with  antitnxin.  and  then  this  and  a  control 

'aninial,  with  2  c.c.  of  a  hrnih  culture  of  the  bacilli  tu  lie  te?^led, 
if  the  giiinea-pif;  which  received  tlie  antitoxin  li^Ts,  while  the  cuntrol 
dies,  it  was  surely  a  diphtheria  bacillus  which  kilhil  by  means  of  diph- 
theria toxin — or,  in  other  wonls.  not  simply  a  virulent  hacillus,  but  a 
vindent  rliphthcria  h«cillus.  When  the  bacilli  to  l>c  tested  grow  poorlv 
in  a  siniplc  niilricnt  bnuillun  they  should  be  prown  in  bouillon  to  which 
une-thinl  its  quantity  of  ascitic  Huid  has  l>een  ailded.  Quite  a  number 
of  bacilli  ha\-e  been  met  with  which  killed  250-gnii.  guinea-pips  in 
(lases  of  2  to  bi  c.c.,  and  yel  were  unatiected   by  antitoxin.     'I'liesr 

rbacilli,  though  ."lightly  vindent  to  piine:t-pigs.  produce  no  diphrlitriii 
toxin,  and  so  cannot,  to  the  liest  of  our  iielief,  prrHbicc  illphiheria  in 
man. 


CHAPTER  XVIII. 

THE  BACILLUS  AND  THE  BACTERIOLOGY  OF  TETANUS. 

Tetanus  is  a  ^lisease  wliieh  is  cbaracterizerl  by  a  gradual  onset  of 
^neral  spasm  of  the  voliintarv  muscles,  commencing  in  man  most 
often  in  those  of  the  jaw  ami  neck,  ami  extending  in  severe  cases  to  all 
the  uiiist'les  of  the  body.  Tlie  dlsetise  is  usually  associated  with  a 
wound  receivetl  from  four  to  fourteen  days  previously. 

In  18S4  Nicolaier,  under  Flugge's  direction,  produce*!  tetanus  in 
mice  and  rabbits  by  the  subcutaneous  inoculation  of  particles  of  garden 
earth.  The  Italians,  C^arle  and  Huttone,  had  just  tjefore  demonstrated 
that  the  pus  of  an  infected  wound  from  a  |)erson  attacked  with  tetanus 
coulil  pi-mtiicc  the  same  r3i.sense  in  rabbits,  and  shnwivl  that  the  dis«*ase 
was  trausniissible  by  inoculation  froju  these  aniuiids  to  others.  Finally, 
Kitasato,  in  1S89,  obtained  the  Iweillus  of  tetanus  in  pure  culture  and 
descrilwd  his  method  of  obtaining  it  and  its  biological  chanicters. 

Occurreuc«  in  Soil,  etc. — The  tetanus  bacillus  occurs  in  nature  as  a 
common  inhabitant  of  the  soil,  at  least  hi  places  where  manure  lias 
been  thrown,  being  abundant  in  many  localities,  not  only  in  the  super- 
ficial layers,  but  also  at  the  depth  of  several  feet.  It  has  been  found  in 
many  ilifferent  substances  and  places — in  hay-<iusl,  in  horse  and  cow 
manure,  in  the  mortar  of  old  masonr)'.  in  the  rlust  from  horses'  hair; 
ill  the  dust  in  rooms  of  houses,  barracks,  ati<]  hospilals;  in  the  air,  ami 
in  the  arrow  poison  of  tvrtain  savages  in  the  New  Hebrides,  who  obtained 
it  by  smearing  the  arrow-heads  with  dirt  from  crab  holes  in  the  swamps. 

Uorphology. — In  young  gelatin  cultures  the  bacilli  a]ipear  as  motile, 
slender  roils,  with  roundeii  ends.  O.-V*  to  O.S."  in  diameter  by  2,"  to  4/* 
in  length,  usually  occurring  singly,  but,  csi)ecially  in  old  cultures,  often 
growMig  ill  long  tlireads.  They  form  round  spores,  lliicker  tlian  the 
cell  (from  1."  to  1.5//  in  diameter),  occupying  one  of  its  extremities  and 
giving  to  the  rods  the  appearance  of  .small  pins  (Fig.  M). 

Staining. — It  is  slalnttd  with  the  onlinary  aniline  dyes,  and  is  not 
decolorized  by  Gram's  method.  The  spores  are  rejidily  stained  and 
may  Ix:  dcnionstrutcd  by  ilouble-stjiining  with  Ziehl's  method.  The 
Hagella  are  fairly  easily  stained  in  verj'  young  cultures. 

Biology.— An  anaerobic,  liquefying,  mffderaieUj  motile  l^acillus.  It 
has  abundant  Hagelta.  Forms  spores,  and  in  the  siMtre  stage  it  is  not 
motile.  It  grows  slowly  at  temperatures  from  20°  to  24*'  C,  and  best 
at  .37**  C,  when  within  twenty-four  hours  it  forms  spores.  It  wHIl  not 
in  pure  culture  grow  in  the  presence  of  oxygen  or  carl>on  dioxide  gas, 
but  grows  well  in  an  atmosphere  of  hydrogen  gas.  With  certain  other 
bacteria  the  tetanus  bacillus  gitiws  luxuriantly  in  (he  presence  of  oxygen. 
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Orowth  in  Media. — Tlie  Imeillus  of  tctnntis  grows  in  onliiiary  nutrient 
gelatin  and  agar  of  a  sliglitlv  alkaline  reaclion.  The  aildition  to  the 
uifdia  of  1.0  per  cent,  of  glucose  causes  the  development  to  be  more 
rapid  and  abundant.  It  alsu  grows  abundantly  in  alkaline  bouillon 
under  an  atmosplicre  of  hydrogen.  On  gelatin  plates  the  colonies 
develop  slowly;  they  resemble  somewhat  the  colonies  of  the  bacillus 
xuhtilis.  and  have  a  dense,  opaque  centre  surrounded  by  fine,  diverg- 
ing rays.  Liquefaction  lakes  place  more  slowly,  however,  than  widi 
the  bacillus  subtills,  and  the  resemblance  to  tliese  colonies  Is  soon 
lost. 

The  colonies  on  ugar  are  quite  clmracteri'Jtic.  To  the  naked  eye 
they  present  the  appearance  of  light,  fleecy  clouds;  under  the  micro- 
scope, a  tangle  of  fine  threads. 

The  gtah  cultures  in  gelatin  exhibit  the  appearance  of  a  cloudy,  linear 
mass,  iinth  prolongations  radiating  into  the  gelatin  from  all  sides. 
Liquefaction  takes  place  .slowly,  generally  with  the  production  of  gas. 
In  stab  aUtnres  in  agar  a  growth  occurs  not  unlike  in  structure  that  of 
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a  miniature  pine-tree.  Alkaline  bouillon  is  rendered  somewhat  turbid 
by  the  growth  of  the  tetanus  Iwcillus.  In  all  cases  a  production  of  gas 
results,  accompanied  by  a  characteristic  and  very  dLsagreeable  odor. 
It  lievelnps  in  wilb  without  cofltjiiliniiig  it. 

R«sistuic«  of  Spores  to  Deleterious  lafluences. — The  spores  of  the 
tetanus  bacillus  are  very  resistant  to  outside  influences;  in  a  desic- 
cateil  condition  they  retain  their  vitality  for  years,  and  are  not  destroyed 
in  two  and  a  half  niontlts  when  present  in  putrefying  material.  Tliey 
witltstand  an  exposure  of  one  hour  to  Sif  C,  hut  are  killed  by  an  ex- 
posure of  five  minutes  at  100°  C.  to  live  steam.  They  resist  the  action 
of  5  per  cent,  carbolic  aci*]  for  ten  hours.  A  5  jxrr  cent,  solution  ol 
carbolic  acid,  however,  to  which  0.5  per  cent,  of  hydrochloric  acid  has 
be«n  added,  destroys  them  in  two  hours.  They  are  killed  when  acted 
upon  for  three  hours  by  biclilnride  of  mercury  (1 :  1000),  and  in  thirty 
minutes  when  0.5  per  cent.  li("l  is  added  to  tlie  solution.  .Silver  nitrate 
solutions  destroy  the  spores  in  one  minute  in  I  per  cent,  solution  and 
in  about  live  minutes  in  1 :  1000  .solution. 
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Isolation  o(  Pure  Culturas. — The  gron-th  of  tho  tetaniui  bacillus  in  thd^ 
Aniinnl  l>ciiiy  is  fc>rii|mrHtivel_v  scanty,  am!   is  iisiinllv  ii-ssiK-iHtifl  ttilh 


cuUiiif.  nie  inolliiwJ  of  pr(K"e<hire  proposed  by  KitHsiiU*.  which,  hou'-^| 
ever,  Is  not  iiIwavs  surressful,  consist.^  in  inuctilatinfr  slijrhtly  alknlinr  ^^ 
nulrient   a^r  or  j*tucose   bouillon  with  the  ti.>(nnus-lieanii^  inaierifil 


that  of  other  bnrterin;  heuce,  the  organism  is  <litfi<-ult  fo  obtain  in  pure 

(pits  or  tksue  from  the  inoculation  wound  i,  keeping  (he  <-ullure  imdrr^H 
anaerobic  (-oinlitions  for  twenty-four  to  forly-^ighi  lumrs  at  a  eeini)erft-  H^ 
tiire  of  37^  C,  and,  after  llie  tetaiuis  spores  have  forme*!,  heating  it 
for  one-liakf  an   hmir   at   S0°  C,   to  destroy  the   assiK-iatetl   bacteria. 
'Hie  sjHires  of  tlie  tetanus  baeilhis  are  able  to  sur^^ve  (his  ex|>iisurf, 
80  that  wlien  anaert)bic  cnlluirs  nrv  then   made  in  die  usual  way  the 
tetanus  colonies  devi.*l(,>|).    When  tlie  tetanus  liacilli  arc  the  only  sfwpe- 
bearing  bacteria  pri'sent.  pure  cultures  are  readily  obtained;  when  other 
.(ipore-l>earing  anaerobic  bacteria  are  present,  the  isf^ation  of  a  pure  ^J 
culture  may  lie  a  nuitter  of  difficulty.  ^M 

Pathogenesis. —  In  niitf,  guinea-pigs,  ral)bits,  horse.s,  goab^.  and  a.  ^ 
uunilier  uf  olher  uniinals  iiiuculations  of  pure  cultures  of  liie  tetanus  j 
hftcilhis  cause  typical  tetanus  after  an  inrubalioti  of  from  one  to  thrc«  ^M 
days.  A  mere  trace  of  an  oltl  culluw — only  tifi.  much  ns  remains  cliag-  ^i 
ing  to  a  platiman  needle — is  often  sufficient  to  kill  very  susceptible 
animals  like  mice  »r»l  guiucu-pigs.  Other  aruTiials  reijuire  a  larger 
amuuiit.  Hats  and  birtls  are  but  little  susceptible,  and  fowU  scarcely 
at  all.  Man  is  more  susceptible  than  any  of  the  animals  so  for  tested. 
A  horse  is  aliont  six  times  as  .sensitive  as  a  guinea-j>ig  uihI  three 
liun<lred  tliMu.saiid  times  a.s  sensitive  as  a  hen.  It  is  a  retnarkiibte  fact 
diat  an  ainount  of  toxin  sutficieut  to  kill  a  hen  n'oukl  suffice  lo  kill  .^) 
horses.  It  is  esliuintiil  that  if  I  griun  uf  lior.sc  Rtpiirvs  I  part  of  toxin 
to  kill,  then  1  gi-am  i»f  guinea-pig  requires  ft  parts,  1  of  mon.se  12,  of 
goal  24.  of  dog  r^m.  of  rabbit  ir>t]0.  of  cat  (HKWl.  of  lien  3fi0.tW(l. 
Cultures  from  ililTcrent  cases  vary  greatly  in  their  toxicity.  On  the 
inoculation  of  less  than  a  fatal  do.-^c  in  test  animals  a  l(K.'al  tetanus 
may  be  pro*luced,  which  lasts  for  days  and  weeks  and  then  ends  in 
reco\'er}'.  On  killing  the  animal  there  is  found  al  autopsy,  just  at  the 
point  of  inoculation,  a  hemorrhagic  .spot,  and  no  changes  other  than 
these  here  or  in  the  interior  organs.  .\  few  tetanus  Imcilli  may  Ix^  detpcte<l 
locally  with  great  difliciilty,  often  none  at  all;  possibly  a  few  may  l>e 
founii  in  the  region  of  the  lym|)hatic  glands.  From  this  scanty  wcur- 
rence  of  bacilli  the  conclusion  has  l»een  reached  that  the  bacilli  of 
tetamis,  when  iiuK-iilHtcd  in  pun'  culture,  do  not  multiplv  to  any  great 
extent  in  rhe  living  Inxiy,  but  only  prrwhice  lesions  through  the  alisorp- 
lion  of  the  poison  whicli  they  devck>]i  at  the  point  of  infection.  It  has 
lieen  foumi  that  pure  cultures  of  tetanus,  after  the  germs  have  sporulaied 
and  the  toxins  l>een  destroyeil  by  hoat.  can  l)e  injected  into  .animals 
without  proihtcing  tetanus.  But  if  a  cidture  of  non-pathogenic  organ- 
i.sms  is  iiijecteil  simnltaneou.'>ly  with  the  spores,  or  if  there  is  an  elTvision 
of  blooil  at  the  [Miint  of  injection,  or  if  there  was  a  previous  bniising 
of  the  tissues,  the  aniinals  surely  «lie  of  tetamts.     Kveu  irritating  foreign 
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bodies  have  l»eeii  iiitrofhiced  alonf;  wrth  the  spores  deprived  of  their 
■  toxins,  ami  tetanus  iliil  not  devolnp;  Itut  if  the  wounds  cniitaiiuiig  the 
foreign  bodies  liecuine  iiifeeteti  with  other  bacteria,  tetanus  developed 
and  the  aniiiml  died.  From  such  experiineiits  it  seems  that  a  mixed 
infection  nida  ffreatly  in  the  development  of  tetimus  when  the  infeclion 
is  prrvliKT-d  hv  spores. 

Hatnral  Infection. — Here  the  infection  may  }«?  considered  as  prubabl;^ 
produced  b_v  ilie  bacilli  in  their  spow  state,  ami  the  conditions  favoring 
infection  are  almost  always  present.  A  wound  of  some  kintl  has 
rCTirrwI,  peiiPtrating  at  least  through  the  skin,  though  perhaps  of  a 
^tnost  trivial  character,  such  as  nii^ht  be  caii.sed  hy  a  dirty  spUiiter  of 
wood,  and  the  iMirilli  or  their  .spores  are  thus  iulrcKlnced  frnni  the  soil 
in  wliieh  they  are  so  widely  distributed.  If  in  any  given  case,  the  tissues 
lieiiig  heulliiy,  the  onlinary  sapropliylic  germs  are  killed  Ity  pro[>er  dis- 
infection at  once,  a  mixed  Infection  does  not  take  place,  and  tetanus  will 
not  develop.  If,  liowevcr,  the  tissues  infected  In*  I>a<lly  bruised  or 
lac^raleil.  the  s|)ores  tnay  devehip  and  produce  the  disease.  Gelatin  is 
foumi  to  contain  occasionally  tetanus  spores. 

Occmrecce  aod  Duration  of  Life  of  Tetanus  BacilU.^With  regard  to  the 
persistence  of  tetanus  spon-s  upon  f>bjeet.s  wliere  they  have  found  a 
resting  place,  (leiirijenii  re|>orLs  lliiii  by  means  of  a  splinter  of  woihI 
wliicii  had  onw  causeil  tetanus  he  wa.s  able  after  eleven  years  (o  again 
eause  tlie  disease  by  inoculating  an  animal  with  the  infective  material. 
The  bacilli  of  tetanus  are  apparently  more  numerous  in  certain  ItR'alilies 
than  in  others — for  example,  some  parts  of  Long  Island  and  New  Jersey. 
have  l)e<'ome  notorious  for  the  number  of  ciises  of  tetanus  caused  by 
small  wounds — but  they  are  very  generally  distributed,  as  the  experi- 
ments on  animals  inoculated  with  garden  earth  have  shown,  and  are 
fairly  common  in  New  York  Citv.  In  some  islands  and  countries  in 
ihe  Hippies  puerperal  tetanus  and  tetanus  in  the  newlairn  is  very  fre- 
(pieilt.  'IVtaiHis  bacilli  are  found  In  intestines  iif  about  10  pt-r  cent,  of 
horses  nn<l  calves  living  in  the  vicinity  of  New  York  City. 

Tetanaa  in  Man.- Man  and  almost  all  domestic  animals  are  subject  to 
tetanus.  On  examination  of  an  infected  inrlividiial  ven.'  little  local  evi- 
dence of  the  <ltseasc  can  !»■  discuvere<I.  Genenilly  at  the  point  of 
infection,  if  there  Is  an  external  wound,  some  pus  is  to  be  seen,  in 
which,  along  wiili  numerous  other  bacteria,  tetanus  baeilli  or  their  spores 
may  t)e  found,  .\lthough  rather  deep  wounds  are  u.sually  the  seat  of 
infection,  at  times  such  superficial  wounds,  as  an  acne  pustule  or  a 
vaccination,  nuiy  give  the  occa.sioii  for  infection.  Not  only  undoubted 
traumatic  ti-lamis,  but  also  all  the  uIIht  fonns  nf  tetanus,  are  now 
conre<ie«l  to  l)e  produce'!  by  the  tetanus  bacillu.s—  puerperal  tetanus, 
tetanus  neonatorum,  and  idiopathic  tetanus.  In  letanus  neonatorum 
infection  is  inlro*luce<l  through  Ihe  navel,  in  puerperal  tetanus  through 
the  inner  surface  of  the  utenis.  It  sl^ddd  1h'  borne  in  mind  that  when 
diere  Is  no  external  and  visible  wound  (here  may  be  an  internal  one. 

Toxina  ol  the  Tetantu  Bacillus. — it  is  evident  from  the  localization 
of  the  tetanus  bacilli  at  (he  point  of  inoculation  and  their  slight  nmlr 
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ttplication  at  thu  point  th&t  they  exert  their  action  throti);h  the  produc- 
tion of  powerful  toxins.  Tlie?»e  toxins  are  named,  accordiiie  to  ihcir 
action,  tlic  tet alios pasmin  and  the  tetanol}-sin.  One  om"-hnnilrfdlh  i>f 
a  milligram  of  the  filtrate  of  an  eiffht-day  glucose  bouillon  culture  tA 
a  fully  virulent  hacilhis  is  sufficient  to  kill  a  mouse.  From  this  liltrute, 
however,  the  active  toxic  substance  has  been  obtained  in  ft  iniicli  more 
concentrated  fomi.  The  purified  and  dried  tetanus  toxin  preparp<l  by 
IJrieger  and  Cohn  was  surely  futul  to  a  15-gram  moiLse  in  a  iKtse  of 
O.(X)O00005  gram.  Heckoning  acconling  to  the  iMxly-weight  of  75  kilo- 
grams, or  175  pounds,  it  would  require  but  0.00023  gram,  or  0,23 
milligram,  of  thi.s  toxin  to  prove  fata!  to  a  man.  The  apjMiUing  strength 
of  tetaims  toxin  may  readily  Ikt  appreciated.  By  comparing  it  witli 
snake  poison  and  strychnine,  Caliuctte  has  found  that  dried  cobra  venom 
would  require  4.375  milligrams  to  kill  a  man  of  70  kilograms.  A  fatal 
dose  of  .strychnine  h  from  30  to  100  milligrams. 

The  qtiantity  of  the  toxin  produced  in  nutrient  media  varies  accaid- 
ing  to  the  ap^  of  the  culture,  tlte  composition  of  the  cultiire  Huid,  reAc- 
tion,  completeness  of  the  exclusion  of  oxygen,  etc.  The  variation  in 
strength  is  partly  due  to  the  extreme  sensitiveness  of  the  toxin,  which 
deteriorates  on  keeping  or  on  exposure  to  light,  being  also  sensibly 
atTectcd  by  most  chemical  reagents  and  destroyed  by  heating  to  55"  to 
60**  C.  for  any  length  of  lime.  It  retains  its  strength  best  when  protected 
from  heat,  light,  ox\'gen,  and  moisture.  Under  the  best  conditions  tlie 
amount  of  toxin  produced  in  cultures  by  the  Kfth  day  is  such  that 
0.000005  c.c.  is  the  fatal  dose  for  a  15-gram  mouse. 

The  tetanus  cultures  retain  their  ability  to  prodtice  toxins  unaltered 
when  kept  under  suitable  conditions;  but  when  subjected  to  deleterious 
influences  they  may  entirely  lose  it.  The  usual  medium  for  the  develop- 
ment of  the  toxin  is  a  slightlv  alkaline  bouillon  containing  1  per  cent-  of 
peptone  and  0.5  })er  cent.  salt.  The  addition  of  mnrc  than  a  trace  of 
sugar  or  glycerin  is  to  be  avoided,  a.s  the  iicid  pro<lnced  injures  the  toxin. 

Action  of  Tstantu  Toxin  in  the  Body.— After  the  absorption  of  the 
poison  there  is  a  lapse  of  time  before  any  effects  are  noticed.  With 
an  enormous  amount,  such  as  30.(^)0  fatal  dases.  this  is  about  twelve 
hours;  with  ten  fatal  doses,  thirty-six  to  forty-eight  hours ;  with  two  fatal 
doses,  two  to  three  days.  l4*ss  than  a  fatal  (hise  will  produce  local 
symptoms.  The  parts  first  to  lie  aflfected  with  tetanus  are,  in  about 
one-third  of  the  cases  in  man  and  usually  in  animals,  the  muscles 
lying  in  the  vicinity  of  the  in<K-ulation — ^for  iustaTice,  (he  hind  foot  of 
a  mouse  intKulatcd  on  that  leg  Ls  first  affected,  then  the  tail,  ihe  r»(her 
foot,  the  back  and  chest  muscles  on  both  sides,  and  the  forelegs,  until 
finally  there  is  a  general  tetanus  of  the  entire  braly.  In  mild  cases,  or 
when  a  dose  too  small  to  be  fatal  has  been  received,  the  tetanic  s[>asm 
may  remain  confined  to  the  muscles  adjacent  to  the  point  of  inoculation 
or  infection.  The  symptoms  following  a  fatal  dose  of  to.xin  varj'  greatly 
with  the  method  of  injection.  Intraperitoneal  injection  is  followed  by 
symptoms  which  can  hanlly  !«■  distinguished  fn)m  those  due  to  many 
other  poisons.    Injection  into  the  brain  is  followed  by  restlessness  and 
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epileptiform  convulsions.  The  tetanus  toxina  undoubtedly  combine 
rpadily  with  the  cells  of  the  central  nervous  system.  They  also  com- 
bine with  other  tissue  cells  with  less  apparent  effects.  The  s\-mptoms 
in  tetauu5  depend  upon  an  inere-a.setl  reflex  excitability  of  tlie  motor 
cells  of  thp  spirirtl  cord,  the  ine<Ki!Iii.  luiJ  pDiis. 

Pres«nc«  of  Tetanoa  Toxin  in  the  Blood  of  Infected  Ammats.— Tlie  blood 
usually  ooiiLiins  the  pfiison.Jis  lias  lieeii  proved  ex[XTinientnUyon  animals. 
Neisser  showed  that  tlie  blood  of  a  tetnnic  patient  was  capable  of  inducing 
tetanus  in  animals  when  injected  sulx-utaneously.  In  St.  Louis  the  serum 
of  a  horse  dying  of  telanu.s  was  given  by  accident  in  doses  of  5  to  10  c.c.  to 
a  niimlker  of  children,  with  the  development  of  fatal  tetanus.  In  this 
connection  Holton  ami  Fisch  showed  by  a  series  of  experiments  that 
much  toxin  might  accumulate  in  the  serum  before  symptoms  l>eeanie 
marked.  Kita.<sato  also  found  the  serous  exudates  of  the  pleural  and 
pericardial  cavities  »s  well  »s  the  blood  of  tetanic  aniinaU  would  cause 
tetanus  when  tran-sferred  In  other  animals.  Ehrlieh  has  shown  that 
besiiles  the  predominant  poison  whit-h  gives  rise  to  spasm  (tetano- 
apBsniin)  then*  exists  a  poLson  capable  of  proHticing  solution  of  certain 
reij  blood  corpuscles.  This  he  calls  tetanulysin.  It  was  not  found  in 
all  culture  fluids  and  d<»e3  not  puss  through  in  the  first  portion  of  the 
filtrate  from  n  porcelain  Klter.  Wheilier  in  actual  di.sease  this  poison  is 
e%-er  in  sufficient  amount  to  cause  appreciable  harm  is  not  known. 

Tetanus  Antitoxin. — Uetiring  and  Kitasalo  were  the  first  to  show 
the  possibility  of  immunizing  aniniuLs  against  tetanus  infection.  The 
entire  procedun^  is  aualu^ons  to  inirnuiiiy^itiun  ugaiiisl  diplitliiTia.  'I'he 
Irealment  of  tetanus  Ls  (h'rer-ted  against  the  action  of  the  toxin  and  this 
is  accomplished  by  the  nentralization  of  the  toxin  by  antitoxin  in  the 
body. 

'rhe  immunizing  cx[>eriment3  in  tetanus  have  borne  practical  fruit, 
for  it  was  through  them  that  the  principle  of  serum  therapeutics  first 
became  known — the  protective  ami  curative  eftects  of  the  blood  senim 
of  immunized  animals.  It  was  found  that  animals  could  be  pro- 
tected from  tetaniLs  infection  by  the  previous  or  simultaneous  injection 
of  tetamw  anlitoxin,  provided  that  such  aniiloxic  serum  was  obtained 
from  a  thoroughly  imnnnii'/ed  unimal.  From  this  it  was  assumed 
that  the  same  result  could  be  produced  in  natural  tetanus  in  luau. 
Unfortunately,  however,  the  conditions  in  the  natural  disease  are  very 
much  less  favorable,  inasmuch  ns  treatment  is  usually  commenced  not 
shortly  after  tlie  infection  has  taken  place,  but  only  on  the  appearance 
of  tetanic  symptoms,  when  the  poison  has  alrca<iy  attacked  the  cells  of 
the  central  nervous  system. 

'Ilif>  tetanus  antitoxin  is  developed  in  the  same  manner  ns  the  diph- 
theria antitoxin — by  inoculating  the  tetanus  toxin  in  increasing  doses 
inti*  horses.  The  toxin  is  [irixUiefrl  in  bunillnii  ciilliires  >;rowii  miaoro- 
hirally.  After  six  to  fifteen  days  the  culture  fluid  is  filtered  through 
porL-eluiu,  and  tlio  germ-free  fillrute  is  used  for  the  inoculations.  The 
horses  receive  J  c.c.  as  the  initial  dose  of  a  toxiu  of  which  1  c.c.  kills 
250.(NKI  grains  of  guinea-pig,  and  along  with  this  a  sufficient  amount 
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of  Riilitoxin  to  THTUtnili?^  it.  In  Bve  dap  tUis  dose  U  doubled,  and 
then  ever.'  five  to  seven  days  larper  iiinounLf  are  given.  After  tlie 
ihinl  injcetion  the  antitoxhi  is  omitted.  The  dose  ii*  incmuse<i  lu' 
rapidly  as  the  horses  ran  slant!  if,  nntti  ihey  sup(>ort  7()0  to  K(X)  c.c.  or 
more  at  a  time.  This  amount  should  not  be  injectetl  in  a  single  pluce, 
or  severe  lornl  and  jierhaps  fatal  Im-jd  letnmis  may  develop.  After  some 
months  of  this  In'ututent  the  hlnixl  of  the  hooe  eonttiins  the  antitoxin 
in  suHieient  anmunt  for  thi*miH'nlir  use.  U'hcn  the  animals'  teni|>eni-' 
tures  an-  norjunl  luid  they  huv^  reeoveivd  from  tiic  dwe  of  toxin  la-st 
given,  they  are  Kled  into  sterile  flimks  and  die  senmi  eolleele«l.  A  <|uieker 
and  safer  method  uf  imunuii/ation  is  lo  mi.\  antitoxin  with  hirger  do6es 
of  toxin  in  tlie  first  four  injc'linu:*. 

Tftchnique  of  Testing^  Antitoxin  Senun  tor  Valae  in  Antitoxin. — Tetanus 
antitoxin  is  te.sied  exactly  in  the  same  mftinier  as  (liphtlieria  antitoxin, 
except  that  the  unit  atlopted  l»y  different  flispensers  is  ilitferent.  This 
eonfnses  tlie  physician  and  almost  eomjiels  him  to  give  a  <'ertain  number 
of  eubie  (•entimelri's  without  regwril  to  (he  units  e>ontaine'l.  The  amount, 
of  antitoxif  senmi  which  nputraliws  an  amount  of  lest  toxin  which 
would  destroy  -LO.O^IO.Iinn  ^miiis  of  mouse  eontutius  I  unit  of  antitoxin 
by  the  Gennan  standard.  One  lur-ge  .\ineriean  producer  considers 
1  unit  of  antitoxin  t<>  be  the  amotmt  which  neutraliises  only  100  grams 
nf  mouse.  In  the  French  metliod  the  amount  of  antitoxin  which  is 
required  to  protect  a  mouse  from  a  dose  of  toxin  sufficient  (o  kill  in 
four  days  is  determined,  ami  the  strength  of  the  antitoxin  is  slated 
by  deleriiiining  the  amount  nf  seniiu  required  lo  protect  I  gram  of 
animal.  If  0.(HJ1  c.c.  protected  n  lO-gram  mouse  the  strength  of  thai 
serum  wouhl  Ih*  1 :  Hl.nO().  Gnineii-pigs  are  sometimes  us«'d  in  plaeej 
of  mice.  The  I'niled  States  govennnent  should  make  an  oflicial  letanus' 
antitoxin  unit  in  the  same  way  it  has  an  official  diphtheria  antitoxin 
unit.  The  toxin  usc<l  for  Itsting  is  preserve*!  by  precipitating  it  with 
saturated  ammonium  sulphate  an<l  drying  and  preserving  the  pre- 
cipitate in  sealed  tul>e.s.  As  re<(uinMl,  ii  Is  dissolved  in  10  per  eeiii. 
salt  solution  as  alwve  stnled.  For  small  testing  stations  the  l»est  way  is 
to  obtain  some  freshly  standardized  antitoxin  and  compare  serums 
with  tills. 

Persistence  of  Antitoxin  in  the  Blood.— Hans^tm  has  recently  shown 
that  the  tetanus  antiioxiii,  whelher  ilin-i-dy  injected  i>r  whether  produced 
in  thf  body,  is  climinuted  equally  rapidly  fnjm  the  bli>o<l  of  an  animal  ^ 
provided  that  the  serum  was  from  an  animal  of  tlie  same  s|iecies.     If  fl 
from  a  different  species  it  is  much  more  (jutckly  eliminated.     From  ^ 
this  we  see  a  possible  explanation  of  the  fact  thai  imuniuity  in  man, 
due  to  an  injection  of  tlie  antitoxic  serum  "f  the  horse,  is  less  per- 
sistent than  immunity  conferral  by  an  attack  of  tlie  disease. 

The  same  author  found  sotne  interesting  facts  in  testing  the  antitoxic 
values  of  the  serum  of  an  immunized  mare,  of  its  foal,  and  of  the  milk. 
The  foal's  serum  wjis  oi»'-tliird  the  strength  of  the  mare's,  and  one 
huiulred  and  fifty  limes  that  of  the  nnire's  mtlk.  In  iwo  months  the 
marc's  senim  lost  two-tliirds  in  antitoxic  strength,  the  foal's  five^ix  ' 
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and  the  milk  one-half.  Injectioas  of  toxin  were  then  given  the  mare,  so 
that  it  iloiihled  its  original  strength  m  one  month.  The  milk  increased 
eightfold,  but  the  foal's  rontintietl  to  lose  in  antitoxin,  although  it  was 
feeding  on  the  antitoxic  milk. 

Toxin  and  Antitoxin  in  the  Living  Organism,  Animal  Experiments. — 
Verv  recently  llie  stiidie-s  of  H.  Meyt'r  imU  Huiimimi  a.s  well  us  thase 
of  Marie  and  Morax  in  Koiix'.s  lulMiratory  have  thrown  considerable 
light  on  the  much  disputed  phenornt-na  observed  in  poisoning  bv  tetanus 
toxin.  The  investigation.s  of  (iunijircrht  in  1S95  had  made  it  highly 
prol>able  that  all  the  pathological  sympttmi.s  were  due  to  a  lioi.-ioning 
of  the  central  nervous  .sy.stem.  The  paths,  liowever,  by  wliich  the 
poison  reached  Its  central  pnint-i  nf  attack  wert?  still  doubtful.  The 
rx]ierinients  of  Meyer  and  Ransom  atid  of  Marie  and  Morax  have 
practically  prove^l  that  the  puistm  is  lrans|Hirled  lo  the  i-eutnd  nervous 
system  by  way  of  the  motor  nerves — -and  by  no  other  channel.  So 
far  as  the  experiments  are  com^nie^l,  1  nmst  refer  the  reader  to  the 
original.  These  show  that  the  essential  clement  for  the  absorption 
and  transjK>na(ion  of  the  toxin  is  not  the  nerve  .sheath  or  the  lymph 
channels,  but  ilie  axis-cvHinler,  tlie  intramuscular  endings  of  which 
the  toxin  penetrates,  'llie  poi.wn  is  taken  up  quite  rapidly.  Marie 
and  Momx  were  able  to  demonstrate  tlie  poison  in  the  convsponcUng 
nerve  trunk  I'sciatic)  mie  and  »  half  boms  after  ihe  injection.  .Absorp- 
tion, however,  and  conductifin  an-  de|)e]iflciit  to  a  large  extent  on  the 
iUT\'es  Ix'ing  intact.  A  nerve  cut  acros-s  lakes  very  much  longer  to 
take  up  (he  poison  (alxiut  twenty-four  hours),  and  a  degenerated  nen-e 
lakes  up  no  poison  whatever.  In  other  wonls,  we  sec  that  section  of 
the  nerve  prevents  the  alwori>tion  c)f  the  poison  by  way  of  the  nerve 
channels.  Similarly  section  of  the  spinal  cord  prevents  the  poison  from 
Ascending  to  the  brain. 

Acconling  to  Meyer  and  Kan-som  the  reason  why  the  sensory  nerves 
do  not  play  anv  role  in  the  conduction  of  the  poisfin  lies  in  the  presence 
of  the  spinal  gaiiglioii,  which  places  »  bjir  lf»  llic  advainr  iff  the  poison. 
Injertiiins  <if  toxin  into  the  pixsterior  root  leads  to  a  tetanus  (loloroAtls, 
which  is  chanicterizcd  by  strictly  localize<l  .sensitiveness  to  pain. 

Aaceniling  centri|H'tidly  along  the  motor  paths  the  poison  reaches 
the  raotor  spinal  ganglia  on  the  side  of  iiuiculation;  then  it  alVecls  the 
ganglia  of  the  opptxsite  side,  making  thi-m  liyperseusitive.  The  \*isible 
re.siilt  of  thi.s  is  the  highly  Increaseif  nuiscle  tonu.s — i.  v.,  rigiilily.  If 
the  supply  continues,  the  toxin  next  affects  the  nearest  seitsory  appa- 
ratus; there  is  an  increase  in  the  reflexes,  but  only  when  Ihe  nlTected 
portion  is  irritatwl.  In  Ihe  further  course  of  the  poisoning  the  toxin 
as  it  ascends  continues  to  affect  more  and  more  motor  centres,  and 
also  the  neighl>oring  seiisori*  appamlus.  'ITiU  leads  to  spasm  of  all  the 
striated  mii.scle.s  and  geneml  rcHcx  tetanus. 

If  Ihe  toxin  gets  into  the  blooil  the  only  path  of  alisorption  to  Ihe 
central  nervoas  sy.stem  Is  still  by  way  of  the  motor-nerw  tracts.  There 
aeem.^  to  Ite  uo  other  direct  piilli,  jls,  for  example,  by  means  of  ihe 
blooilvesAels  supplying  the  renlral  ner^'ous  system.     Kven  after  intro- 
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duciii^  the  poison  into  the  suhanichiioid  sjmux-,  owing  to  the  passage 
of  the  poison  into  the  hloocl,  there  is  a  ((encral  poisoning;  and  not  k 
cerebral  tetanus.  This  at  least  is  the  case  if  can?  has  been  taken  during 
the  uporation  to  avoid  injuring  the  brain  mechanically. 

If  now  we  follow  the  course  of  the  antitoxin  iu  the  orpanisra  as 
we  have  just  done  wtfli  the  toxin,  we  find  that;  wliereas  the  toxin 
passes  directly  to  t)ie  nen-e  paths,  the  antitoxin  when  injected  sub- 
cutaneously  Ls  eutin'ly  taken  up  by  tlie  blnofl-\TsseLs  by  means  of  the 
lyuiph-vessels.  Fnun  the  hItHxi  it  then  readies  tlie  tissues,  with  the 
fluids  of  which  it  mixes. 

The  complete  tibsorptiun  of  a  given  c|uantity  of  antitoxin  adiuinis- 
tered  subculaneously  takes  place  rather  slowly.  In  his  animal  experi- 
ments Knorr  found  the  niMximnm  (|UHn1ity  in  the  blood  only  after 
twenty-four  to  forty  hours.  Kn»m  that  time  on  the  amount  upiin 
steadily  decreased,  so  that  by  the  sixth  day  only  one-thiixl  the  optimum 
quantity  was  present.  By  the  twelfth  day  only  one-fiftieth  and  at  the 
end  of  three  weeks  no  antitoxin  whatever  oiuld  be  demonstrated. 

Natundly  the  time  durinjr  which  these  chaujjes  take  place  varies 
with  the  ftpj)lie]ilioti,  the  ennditiims  of  absor]*tiori.  ami  the  coneentra- 
tiou  imd  amount  of  tlie  preparutlon  injected.  When  injected  intra- 
venously the  nutitoxin  very  quickly  pa:»ses  into  the  lymph.  Ran-tom 
was  able  to  demonstrate  it  in  the  thoracic  duct  of  a  dug  a  few  minutes 
after  intravenous  injection.  Neither  the  central  nervous  sifstem  nor  the 
periphfrtil  nervous  tisi^ve  take  up  any  antitoxin  from  the  blood.  Only 
after  very  uinssive  intrHvenou.s  dtwes  arc  .stnall  tnices  foun<l  in  the 
cerebrospinal  fluid.  From  this  it  is  at  once  clear  that  passively  and 
actively  immunized  animals  become  tetanic  if  the  poLson  is  injected 
directly  into  the  eeiitnd  ner\"ous  system  or  into  a  peripheral  ncn*e. 
Antitoxin  itijected  sulxhindly  also  pusses  almost  entirely  over  into  the 
blood. 

A  rapid  and  plentiful  appearance  of  antitoxin  in  the  blood  is  depend- 
ent on  the  content  of  serum  in  antitoxin  units.  The  more  units,  the 
more  rapidly  will  the  blond  develop  a  high  content  of  antitoxin;  and 
the  higher  this  is  the  more  llmrouj^hly  wilt  the  tissues  be  saturated  with 
the  antitoxin. 

From  the  foregoing  it  is  not  difficult  to  funnidate  the  coiHlitioiuj 
under  which  an  antitoxin  introiliice<l  into  the  organism  can  exert  its 
neutrnli/.irjg  power  on  the  toxin.  We  see  that  the  poiwrn  depasitcti  at 
any  given  place  takes  either  of  two  paths  to  the  ccntnd  nervous  s\-stem, 
oue  a  direct  path  by  way  of  the  local  peripheral  nerves  and  the  other 
an  indirect  path  through  the  lymph  channek^  and  blood  to  the  eiMl 
plates  of  all  other  motor  ner\-es.  From  intact  b]o(K]ve.<tseb  the  anti- 
toxin iienetrates  neither  the  sulwtance  nf  the  peripheral  nerves  nor 
the  substance  of  die  central  iier\'ous  splein.  Ilenw,  only  that  portion 
can  be  m-uindi/etl  which  (a)  still  lies  unabsorl>eil  at  the  site  of  inocula- 
tion, or  ib)  which,  thuugli  it  has  passed  intotlie  bliHKl,has  not  yet  \ttvn 
taken  up  by  the  motor-nene  endings.  A  eumtive  effect  can  therefore 
lesult  from  autito.vin  introduced  subculaneously  or  intravenously  only 
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so  long  as  a  fatal  ilase  of  poison  has  not  been  taken  up  by  the  nerves. 
After  this  has  occurred  an  action  of  the  antitoxin  can  only  then  be  looked 
for  when  it  Ls  injected  directly  into  tlu*  nerve  siiljstance. 

So  long  as  the  toxin  circulates  in  the  blood  it  is  neutralized  by  unti- 
toxin  in  alwut  the  same  proportion  as  iu  test-tube  experiments.  By 
moans  of  intravenous  Injections  uf  antitoxin  Random  was  able  to  render 
the  blofxl  free  from  toxin  in  a  very  few  minutes.  Accornling  to  Marie 
and  Morax  toxin  injected  into  the  muscles  is  already  demonstrable  in 
the  nerve  tissue  at  the  eml  of  one  and  a  half  hours — t.  e.,  it  has  already 
entcrw!  the  channel,  where  it  is  no  longer  reacheil  by  the  antitoxin. 
There  uiu^t,  however,  l)e  a  condition  or  locality  in  which  tlie  toxin  can 
still  lie  neufnilized  by  irieans  of  large  doses,  though  with  cHfliculty. 
This  is  indicated  nmoii);  other  experiments  by  some  older  researches 
of  Dtiuitz.  Tliis  observer  injected  various  mbblts  inlravenously  each 
•with  1  c.c.  of  a  toxin  solution  contuining  twelve  fatal  doses.  Tliereupon 
he  determined  the  dose  of  antitoxin  which,  when  intravenously  given, 
wouhl  neutnilize  this  poison  after  various  intervals  of  time.  The  anti- 
toxin was  of  such  a  strength  that  in  te-st-tutie  experiments  1  c.c.  of  a 
1 : 2()00  solution  just  neutralized  the  amount  of  tox-in  employed.  He 
found  that  at  the  en<l  of  two  niinntes  ilouble  the  dose  re(|uireil  in  vitro 
would  still  neutralize  the  pcjison;  at  tlieeiidetf  four  nunutes  about  four 
ttnies  Uie  dose  was  rei|nired,  and  at  the  end  uf  eij^Ut  tninules  ten  times. 
When  one  hour  had  been  nllowed  to  elapse  forty  times  the  original 
dose  just  sufficed  to  protect  the  animal  from  death,  but  nut  from  sick- 
ness. In  order  to  cx-plain  tfiese  results,  the  correctness  of  which  has 
been  confirmed  by  many  analo^us  olwer^'ations,  the  concc])tion  "loose 
union  of  toxin"  has  been  introduce*!.  Uy  this  is  meant  a  state  of 
union  I>etween  toxin  and  susceptible  cell  coa'ttituent  which  can  still 
be  disrupted  by  means  of  large  doses  of  antitoxin.  In  this  particular 
instance  we  do  not  need  to  make  use  of  this  conceplion,  for  the 
n?ason  that  the  tetanus  toxin  is  net  at  all  combined  during  the  first  hour, 
being  engaged  at  this  luiie  in  tmversing  tlu-  p'riphend  nerve  paths. 
Feraonally,  i  sliould  regani  it  as  more  probable  that  the  iutenul  during 
which  the  toxin  can  stiil  Ix*  neutralized,  though  with  dilheulty,  corre- 
spomls  t<)  that  time  during  the  passage  of  the  toxin  in  which  after  leav- 
ing the  capillaries  the  poii^on  m  held  up  iti  the  fine  interstices  of  the 
connective  ti.ssue  which  it  must  penetrate  before  it  can  be  taken  up  by 
the  ner\'es, 

BMolta  of  the  Antitoxin  Treatment  in  Tet&nna. — Tetanus  ts  a  com- 
parativety  rare  disease  Imlli  iu  man  and  animals,  lliough  in  some 
localities  it  is  more  common  than  in  others.  In  New  York  t'ity  there 
are  usually  fifteen  to  thirty  cases  following  every  Pourth  of  July.  Most 
of  them  are  caused  by  infection  through  blank -cart  ridge  wounds. 
Recovery  sometimes  follows  from  the  orilinary  symptomatic  treatment 
or  without  treatment  at  all,  so  that  the  statistics  of  cures  of  the  disease 
by  the  injection  of  antitoxic  serum  must  be  ver.-  carefully  sifted  liefore 
they  can  be  accepted  as  reliable.  Lambert,  who  a  few  years  ago 
made  an  exhaustive  stiidv  of  tetaniis,  slates  that  in  a  total  of  114  cases 
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of  tlib  (Ibease  treated  with  antitoxin ^  according  to  publisher]  Htiii  uiipuh 
lishwl  re|H)rls,  there  was  a  mortiility  of  40.35  wr  wiit.  Of  (hese,  47 
were  acute  cases — that  U,  ca^s  with  an  inciilmtion  period  of  eiplil  days 
or  less  and  with  rapid  onset,  or  cases  with  a  longer  period  of  incuba- 
tion, hilt  intensely  rapid  miset  of  s^Tiiptoins;  of  these  the  mortahly  wa3 
74.40  per  cent.  Of  tlie  chronic  tyi>e — those  with  an  incuhation  |>eriorf 
of  nine  days  nr  more,  nr  thrise  wHtti  shorter  incidmiion  with  slow  onset 
— there  were  61  ciises,  with  a  mortality  of  lCi.39  per  cent.  With  a  still 
lai^er  number  of  cases  the  result:^  indicate  that  with  tetanus  antitoxin 
ahont  20  per  ecn(.  Ix-lirr  n-sult'i  iirc  ohUuned  thun  without. 

Treatment  of  Tetanus  bjr  Antitoxin. — For  ininiunizntion,  10  c.c.  of  a 
senim  of  medium  streii|jth  will  aiiflice  unless  the  danger  seems  great, 
when  the  injection  b  repeated  at  the  end  of  a  week.  For  trcaiineiit, 
it  is  well  to  l*gin  with  30  to  50  c.c,  and  then,  according  lo  the 
severity  of  the  ca-se,  give  from  20  to  fiO  c.r.  each  day  until  the  symptoms 
almte.  In  the  gravest  cases  no  cumtive  effect  will  lie  noti*i-«i  from  (he 
senira.  The  first  injections  should  lie  made  intmvenonaly,  or  pnrtlv 
inlravenou.sly  and  partly  into  the  spinal  canal  through  hnnlmr  |Mjn(v 
ture.  Later,  injections  should  tse  made  subcutnneously  or  intnnenously. 
B4'side.s  ihcM".  injections  shonlil  he  ntade  into  all  tlie  nerve  irtink.s  tending 
from  the  infected  region.  These  injections  should  Iw  made  as  near  the 
trunk  as  possible  and  distcn<]  the  ner\-e  so  as  to  partly  neulndize  aiKl 
partly  mechanically  interrupt  the  passage  of  toxin  to  the  cord  or  brain. 
In  New  York  City  Rogers  ha.s  had  goo*!  results  by  following  these 
ca.ses.  He  ha-s  alsu  injected  the  antitoxin  ilinctly  into  the  spinal  cord. 
'I'hemelh(xl  of  injecting  from  3  lo  1  "i  c.c.  of  antitoxic  sernrn  intoilie  lateral 
ventricles  has  not,  in  the  writer's  opinion,  shown  itself  to  be  equal  to  (be 
intravenous  and  intraspinal  and  iiifrttueurul  methods.  N'o  bad  results 
have  followed  the  injections  when  the  .scrum  was  sterile  and  the  ojjeni- 
tion  was  jwrfonned  ascpticalty;  but  several  brain  abscesses  have  already 
followed  the  intracerebml  injections. 

The  striking  results  which  have  lieen  obtained.,  particularly  in  veter- 
inary practice,  with  the  prophylactic  injection  of  tetanus  antitoxin, 
would  seem  to  warrant  tlie  In'aling  of  patients  with  iinmunizing  dt>ses 
of  seriun- — at  least,  in  neighborluKMls  where  tetanus  is  not  uncommon — 
when  the  hwvnitcil  and  dirty  cottdition  of  their  wounds  may  inilicate 
the  pcMsihility  of  a  tetanus  infection. 

Differential  DiagnosiB.— The  differcntiul  diagnosis  of  the  bacillus  of 
tetanus  is,  geiierally  speaking,  not  diiTicult,  inasmuch  as  animal  in(M*u- 
lalion  affords  a  sure  test  of  the  .s(>ecific  organLsin.  No  other  niicn)- 
organism  known  produces  similar  effects  to  the  tetanus  bacillus,  nor 
is  any  other  neutralized  by  tetanus  antitoxin.  The  other  character- 
litics  also  of  tliis  bacillus  are  u.>^nally  distuictive,  though  microscopic 
exflminalion  alone  camiol  be  drpendeil  on  to  make  a  ilifferential  diag- 
nosis. Didiculty  arises  when  other  anai-robic  nr  jn-mbic  bacilli,  almost 
morphologically  irlenticol  with  (he  tetanus  Itacilhis,  are  encountered 
which  are  non-pathogenic,  such  as  the  haeUhtx  pnetidntftatiicut  anaero- 
bius,  already  mentioned,  and  the  hanihu  purudotrianirwt  aerohtuA.     It 
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it  possible,  huwever,  tlml  WIi  tlies**  bacTilH,  wIicl  cliaracti'ristic  in  cul- 
tures, arc  only  varieties  of  the  tetanus  biicilUis,  wbich,  under  unfavor- 
able conditions  of  growth,  have  lost  their  vinilence.  These  non-vinilent 
types  do  not,  as  a  rule,  have  spore-s  absolutely  at  their  emls,  and  the 
,.spore.<  themselves  are  usually  more  ovoid  than  those  in  the  true  tetanus 
bacilli. 

Mrtuods  of  Examination  ix  a  Case  of  TETA^X8.  (a)  Micnt- 
scopie. — From  every  wound  or  point  of  suppuration  film  preparations 
sliuuld  be  made  and  i^tained  with  the  usual  dyes.  The  typicjtl  spoiv- 
beurinp  forms  are  looked  for,  hut  are  usually  not  found.  At  the  same 
time  other  bacteria  are  noted  if  present. 

(6)  Cu^urM.— Bits  of  tissue,  pus,  eartridg^e  wads,  etc.,  are  collected 
and  dropped  into  glucose  l>ouillon  contained  in  small  flask.s  or  tubes. 
This  bouillon  should  be  .^liphtly  alkaline,  l>e  free  from  oxygen,  and 
protect«l  from  oxj'gen.  A  simple  wav  is  to  cover  the  houillon  with 
liquid  or  semisolid  paraffin,  and  thus  boil  it.  Cultures  placed  in  such 
protected  bouillon  grow  readily. 

(c)  Ttuxuhiion. — Material  from  the  wound  is  inoculated  into  mice 
or  guinea-pigs  subeutaueously. 
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THE  COLON  BACILLUS  GROUP.  PARACOLON.  PARATYPHOID 
DYSENTERY  AND  PARADYSENTERY  BACILLI. 

The  Colon  Bacillus  Group. 

The  first  ur(rui)Lsiii  of  this  pt)up  wns  descrikii  liy  Emmericli  (1885), 
who  obtained  it  from  the  ItloocI,  various  or^tiiis,  and  intfstinnl  dbi- 
chargts  of  cliolera  patients  iit  Naples.  SuiiiUr  organisms  were  after- 
ward found  bv  bischerich  (1886)  in  the  feces  of  healthy,  milk-fed  infants. 
It  has  since  l>eeii  demoiistrfited  that  Jtieml)ers  of  iht!  colon  groiip  are 
noniml  inhahitaiits  of  the  intestines  of  man  and  of  most  of  tlie  lower 
nnimaln. 

Morphology.— The  bacillus  coH  varies  ooiisidembly  in  its  morpliology» 
according  to  the  sources  ami  the  culture  media  from  wliich  it  ts> 
obtaine-l.  The  lypicnl  Eonn  (Fifi.  85)  is  that  of  short  rods  with 
rounded  ends,  from  0.4,"  to  0.7/'  in  diameter  by  1//  to  S/i  in  lenfilh; 
sometimes,  especially  where  the  culture  media  are  rot  suitable  for  their 
growth,  the  rods  are  so  short  as  to  lie  almost  spheric-al,  rescmbling- 
micrococci  in  appearance,  and,  again,  tliey  are  somewhat  oval  in  fonn 
or  are  seen  as  threads  of  6/*  or  more  in  length.  The  various  forms 
may  often  lie  a.-ssociated  in  the  same  culture.  The  bacilli  may  occur 
as  single  cells  or  as  pairs  joined  end-to-end,  rarely  as  short  chains. 
Capsules,  though  pre.5ent,  are  not  shown  by  the  ordinary  methods. 

Flaoella.— Upon  some  varieties  seven  or  eight  flagella  have  been 
demonstrated,  upon  others  none.  The  fluKella  arc  shorter  and  more 
deUcate  than  those  characteristic  of  the  typhoid  bacilli.  There  is 
nothing  in  the  morphology'  of  this  bacillus  sufficiently  characteristic  for 
its  identification,  for  in  this  respect  it  simulates  many  other  organisms. 

Staining.— The  colon  Itacilhis  Jttaiiui  remlily  with  the  onlinary  aniline 
colors;  it  is  always  ilecolorizeii  bv  (iraui's  mctluMl. 

Biology.- -It  is  an  afrnhic,  facuffativi'-  ana^ntlnc,  tion-liqtwft/itt^  bacil- 
lus. It  dcvelo|xs  Irt'st  at  37°  C,  but  grows  well  at  20**  C.  and  slowly  at 
10**  C.  It  is  usually  motile,  but  the  movements  in  some  of  the  cullurrs 
are  so  sluggish  that  a  positive  opinion  is  often  difHcult.  In  fresh  mitures 
frequently,  only  one  or  two  individuals  out  of  many  show  motility. 

OtUtivftUon. — The  colon  bacillus  develops  well  on  all  llie  tisual  cm\- 
ture  media.  Its  growth  on  them  is  usually  more  abundant  than  that 
of  the  typhoid  bacillus  or  the  rij*sentery  bacillu.<!,  but  the  difference 
is  not  suthcient  for  a  dilTerential  diagnosis.  Although  it  grows  best 
aerrjbically.yet  it  grows  well  anaerohimlly,  especially  In  media,  contain- 
ing fermentable  sugars. 
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Gelatin. — In  gflutiH  plates  coloiiii;s  are  devcioped  in  from  eighteen 
to  thirty-six  hours.  They  resemble  greatly  the  coJoaies  of  the  typhoid 
bacillus,  except  that  many  of  them  are  somewhat  larger  and  more 
opaque.  ^Vhe^  located  in  the  depths  of  the  peialin  anil  examinwl  by 
a  low-power  lens  they  are  at  first  seen  to  I»  finely  prauiilar,  almost 
homogeneoiLs,  and  of  a  pale  yellowish  to  brownish  color;  later  they 
become  larger,  denser,  durktr,  and  more  coarsely  granular.  In  shape 
they  may  be  round,  oval,  or  whetstone-like.  The  .superBoial  colonies 
appear  as  siuull.  tlry,  irregular,  flat,  Ijliie-wliite  point,-*,  that  are  com- 
monly somewhat  dentnted  at  tijc  niiirjcins.  When  the  gelatin  is  not 
firm  the  margins  of  many  colonies  are  broken  by  uutgrowilis,  which 
are  rather  characteristic  of  colon  bacilli.  I'nder  the  same  conditions 
the  colonies  of  typhoid  bacilli  usually  .show  thread-like  outgnmths. 


Kill    V. 


l^    -\ ^  <  ^  * 


Dohui  bMlIII.    T«L-n(y-fciui'liiiur  nfimr  culture.     V  UOO  dlainvUirs. 

In  stab  cultures  on  grlntin  the  prowth  usually  takes  the  form  of  a 
nail  with  a  flattened  head,  the  surface  e.xtcusiou  generally  reaching 
out  rapidly  to  the  sides  of  the  tube. 

Ni  TKiKNT  .4(;.iH. — In  plate  cuUiires;  Surface  colonies  mostly  circular. 
finely  granular,  ami  rather  opaque.  The  deep  colonies  are  apt  to  have 
protuberances.  There  are  no  marked  differences  between  colonies  of 
colon  and  t\-phoid  bartlli.  In  streak  cultures  an  abundant,  soft,  white 
layer  is  quickly  devehipt'd.  but  the  growth  is  not  characteristic. 

BoL'ii.LON'. — In  bouillon  the  bacillus  coli  produces  diffuse  clouding 
with  sedimentation;  in  some  cultures  a  tendency  to  pellicle  formation 
on  the  surface  is  occasionally  seen. 

Potato. — On  potato  the  growth  is  rapid  and  abundant,  appearing 
after  twenty-four  to  Ihirty-six  hours  in  the  incubator  as  a  yellowish- 
brown  to  dark  cream-colored  deposit  covering  the  greater  part  of  the 
surface.  But  there  are  considerable  variations  from  the  typical  growth 
on  potato;  there  may  be  no  visible  growth  at  all,  or  it  may  be  scanty  and 
of  a  white  color.  These  viiriations  are  due  at  times  to  the  bacillus, 
but  more  often  to  variations  in  the  potato. 
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CoAOULATKiJ  Sr.Hi'M.— The  serum  is  not  liqurficd.  On  this  umliuin 
grayish,  inirhnrHrtcristic  colonies  are  develoiwd. 

Milk  coagulates  in  from  fonr  to  ten  days  at  20**  V.,  and  in  from  one 
to  four  days  al  37°  C.  ('oagijlation  is  aided  by  the  addiliou  of  pep- 
tone; it  is  prevented  by  constant  addition  of  alkalies.  Tlie  acids 
formed  are  lactic,  acetic,  formic,  and  succinic  acids.  Coagulation  is 
due  priticipallv  but  not  altiigi'lher  to  ucifls.  A  fcrnu'iil  Is  pnMhicwl 
which  is  capable  of  cutL-^Ing  coa^lution  in  the  presence  of  lime 
salts,  especially  in  acid  snhiticins.  It  is  evident  also  that  the  nalnrv 
of  this  coapdalion  is  more  closely  related  to  coaptation  fenncntalinn 
than  to  simple  acid  fenncntation.  from  the  fact  that  colon  coaguluiii»n 
funus  a  uonipact  ni}u<^s  which  is  difficultly  solulile  in  alkalies,  uml 
contains  much  insoluble  residue;  and  further,  that  in  serum  coagulat<><l 
by  colon  bacilli  a  proteid  body  corresponding  to  fermentation  albumin 
U  found. 

In  addition  to  albumase  tt  ha.s  l>een  shown  that  milk  serum,  after 
colon  coagulation,  contains  a  substance  possi-ssing  the  reaction  nf  \iv\i- 
tone,  which  is  not  conlaiiied  in  the  original  milk.  Similar  albumin 
cleavage  prtxlucts  are  also  formed  in  cultures  of  bacillus  coli  in  sugar- 
free  ascitic  fluid;  it  cannot  l>e  assinned.  therefore,  that  colon  acidification 
of  milk,  as  such,  prcuhices  this  proteoly.sis.  The  colon  bacilli  also  differ 
from  typhoid  bacilli  in  that  their  action  on  milk-sugar  Is  more  intense, 
and,  since  they  can  j^row  in  greater  acidity,  more  lasting.  'J'he  dif- 
ference, therefore,  is  quantitative  rather  than  (|ualilative. 

Ohsmicai  Activitias.  HKnAviOK  TOn  wan  ('ARnOMvnuA.TF.s. — In  cul- 
tures of  colon  bacilli  many  carbohydrates,  especially  sugars,  Ijecome 
fennenlcil.     Among  these  are: 

Hexoses,  <',H,,0^,  (glucose,  mannose,  fnictose,  galactose). 

Pentoses.  CgH,oOj  (arabinose,  xyhwe). 

Binoses,  *',jll,;t*i,   (saccharose,  lactose,  maltose,  melitoseb 
Also  the  higher  alcohols: 

licxatomic  alcohol  (niannit,  dulcit,  sorbit). 

IVntatomic  alcohol  (erytherlt). 

Triatoinic  alcohnl  (glycerin). 
Tlie  varieties  included  iindi-r  rnloii  bacilli  var)*  iti  their  action  on 
some  of  the  sugars;  some  fennent  cane-sugar,  others  du  nol,  .Ml  fer- 
ment glucose.  For  fennentation  they  require  nitrogenous  sulwtances 
which  can  I*  ntilizefl  as  fomi  by  the  bacteria,  a  suitable  temperature 
(iK'st  at  30°  to  35°  C).  absence  of  deleterious  substances. 

The  prothicts  derived  from  the  .sjilitting  of  the  carbohydrates  are 
as  follows:  From  glucose,  .sacchanwe,  arabiiioHe,  and  galactose  there 
is  mainly  pr^fuced  /rrivj-lactic  acid  along  with  i»  to  25  per  cent  of 
dr.riUf-\iu-\\v  aciil;  iimiuiit.  on  the  contrary,  yields  only  ^Tco-lactic  acid. 
The  Ifictii-  acid  fonue<l,  however,  corresponds  lo  nidy  one-half  the 
cpiantity  of  sugar  present.  The  by-proiiucts  are:  gaseous  compounds, 
alcohol,  succinic,  acetic,  and  formic  acids.  The  most  important  fermen- 
tation products,  both  t(ualitaiively  and  quantitatively,  are  produced 
-Irom  grape-sugar,  probably,  according  lo  the  following  reaction: 
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2C,H„0b  +  H,0  =  2C,H,0,  -I-  CHjOOOH 
Gmpv-iuKHt.       Watw.       LmIIc  Add.        Aeeitc  add. 


C.HjCOOH  +  2CO,  4-  2H, 

£tl];l alcohifl.     CKrbonlc    Urdnista. 


AiiD  Pin>iiicTiON  FRciM  ScGAns  BY  Coi.oN  Baciij,!. — W'lieii  Suffi- 
cient sugar  is  present  the  aiiirnmt  of  aci<i  produced  is  <piite  uniform. 
In  many  it  procee<is  until  the  acidity  is  sutfic-ient  in  quantity  tn  stop 
the  growth  of  the  Imrilli.  In  milk  this  aridity  Ijecouies  about  12  per 
cent.  r.  ac'*'  to  phenolphthiileiu.  There  are  reasons  to  think  that  lactic 
iicid  is  first  proihitvd  and  that  from  this  other  aeicls  and  prothiets  de- 
velop. Under  aiTohif  cuniJitiiMis  lactic  Is  proihiced  in  excess  of  acetic 
acid,  while  in  the  attseiic-e  of  oxygen  I  he  rr\e]-sf  is  apt  to  he  true. 

Gas  pHOitucTiox,— When  eohm  Ijucilli  are  (jrown  in  a  solution  of 
glucose.  COj  and  H,  are  produced.  iCO,  to  III,  up  to  iCO,  to  3H,. 
Anaerobic  oinditioiis  aid  jjas  formation.  Soitie  roton  varieties  pnHlnce 
gas  from  no  sugars  and  some  from  a  few  only.  Nearly  all  prtKluce  gas 
from  glucose,  and  about  60  per  cent,  of  varieties  produce  gas  from 
milk-sugar.  Very  slight  traces  of  ga,ses  otlier  than  H  and  ("O,  are  pro- 
duce<i.  Tlie  amount  of  gas  varies  in  different  varieties;  the  closed  arm 
of  the  tube  half-filled,  anil  the  II  and  CO,  in  the  pn>porti<>n  2  to  1, 
is  the  characteristic  type.  It  is  also  tnie  of  (jiirtner's  B.  enteritidb.  In 
another  t>'pe  the  whole  of  the  closed  arm  is  Oiled, — Hj:CO,=  1 : 2  or  3. 
ThU  tyjie  is  usually  callwl  buctcrium  cloaca*.  In  a  thin!  ty|>e  the  arm 
is  nearly  filled, — H,;CO,=  l:l.  'Hiis  type  is  the  bacterium  lacticum 
aerogenes. 

(?on<-eniing  the  gas  and  aciti  prfxluce<l  the  foUowing  rules  have  !»een 
established : 

1.  The  quantity  profhiced  varies  with  the  amount  of  bacteria  nnd 
their  activity  as  well  as  with  the  tj'jic  of  organism. 

2.  It  depends  upon  the  living  organisms. 

3.  The  prtnlucls  have  a  less  heal  value  than  the  sugar  from  which 
they  were  fonned. 

4.  The  fermentation  is  not  a  siini>le  hydrobiic  action,  but  one  in 
which  combinations  (wtween  the  ('  and  O  atoms  are  sundered  ami 
fornieif.  This  is  not  an  oxidiition  process,  but  a  change  through  break- 
ing down—  that  is,  a  true  decoinposition.  \Vhut  oxidation  takes  place  is 
chielly  due  to  the  oxygen  Hberntetl  from  .■jplittiiig  the  sugar  molecules. 

VSB    OF   SUOAR    LlTMCS    Ao.llW    TO    DiyrKBENHATE    BIHT^KEN    COLO.V    AXD 

TvpHoin    Hat'iu.!. 

Cnlnr  of  nmlla  nflur  -a  hitiini'  gniwDi  tif  rultnr*^ 


Liil  of  mgtn. 

Cwlwi  liMuUlu-. 

Typliiilillwolllus. 

Orape-DU^r 

.     Hwl. 

Red. 

_        ^^MchutMe . 

.     ReA. 

Rm].- 

1         Hnnnilt 

.    Red. 

Red. - 

■         Can«-«ugu' 

.     Bhie. 

Itlutf. 

MrIUw.     . 

.     Red  at  moAeme]y  red. 

Ked  or  ptnlr. 

Milk-ragar 

.     Bed. 

Uluu. 

Deilria 

.     Kluc. 

Virtlfct  blue. 

Tu  bouilloa  DMd  for  acid  and 

gas  formation  no  andlum  bjdrAle  or  rarlunale  should 

br  addnl. 
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Eri^ECT  OF  Colon  Bacilli  in  Nithooenous  Compounus. — Colon 
bacilli  do  not  appreciably  iKtucfy  ^^latin  nor  jHtptDnizc  any  albumins. 
Tliey  do,  however,  break  riown  some  of  the  higher  nitrogenous  com- 
pounds into  smaller  atom  groups.     The  first  noted  of  these  compounds 

was  indol,  C,H,:^«it^CH.   This  is  one  of  the  most  important  products 

of  colon  activity,  altbougli  a  few  varieties  lack  it.  (AYiile's  peptone  solu- 
tion is  used  as  test. J  Sugars  interfere  with  indol  production,  as  also  does 
the  absence  of  o.\vgen.  The  maximum  amount  of  tiidol  is  present 
about  the  tenth  day.  The  test  !.<!  carried  out  by  adding  1  c.c.  of  0.02 
per  cent,  potassium  nitrite  to  10  c.c.  of  culture  fluid,  and  then  some 
concentrated  sulphuric  acid.  To  prevent  confusion  with  other  «)lors  a 
Utile  atnyl  alenhnl  [.s  ailded  and  ^liiiken.  In  the  intestiTial  canal  in  Itealtii 
ver^-  little  indol  appears  to  be  produced  by  colon  liacilli.  Sulphuretted 
hyilrogi'ii  is  lilx-rated  from  sugar-free  fcnuentublu  proteid  suljstances. 
Mercaptan  ami  souictiraes  skatol  have  been  noted  in  peptone  solution 
cultures.  The  colon  bacillus  liquefies  minute  quantities  of  gelatin,  but 
so  little  as  to  be  iiiappre<!iable. 

The  colon  bacillus  can  make  use  of  simpler  nitrogen  compounds 
than  the  typhoid  bacillus,  and  can  grow  well  in  media  such  as  ihat  of 
I'schinsky.  In  urine  some  colon  cultures  ]>rodLice  a  slight  fermentation, 
yit-'lding  amnioniuin  carbonate.  By  some  this  is  believed  not  to  be  due 
to  urea  fermentation.  Lui-tose-lilmus-urine  agar,  after  twenty-four 
hours'  acidity,  often  becomes  alkaline. 

In  media  containing  fermentable  sugars  and  proteid  substances 
simultaneous  action  takes  place  on  both  with  the  production  of  both 
alkalies  and  acids. 

Effect  on  Fats. — No  action  has  been  noted. 

Redaction  ProceM«s.  Reduction  of  Pigmknts. — Tlie  action  on 
certain  pigments  which  are  reduced  to  colorless  products  and  interme- 
diate colors  is  more  vigonms  than  tlial  of  typhoid  iMicilli.  Tills  elTect 
occurs  in  litmus  bouillon  in  the  closed  arm  of  the  lube,  in  bouillon 
and  agar  (not  in  gelatin),  indigo-sodium-sutphatc-mcthyl  blue,  in  sugar 
media,  etc. 

Reulc-pion  of  Inorganic  Salts. ^Frora  nitrates  coU  under  certain 
conditions  produce  nitrites  and  from  them  free  nitrogen  as  follows: 
2NiiN()»  +  11,0  ^.:N»0JI  +  N,  +  Oj. 

The  development  of  pigments  (brownish,  greenish,  and  j-ellowish), 
odorous  substances,  and  toxins  has  been  noted,  especially  on  potato. 
Besides  ammonia  and  the  fatty  and  oxy-fatty  acids  other  bad-smelling 
products,  but  little  understood,  are  formed  at  limes. 

ToxinB.— The  bodies  of  dead  colon  bacilli  contain  pyogenic  substances, 
and  others  which,  injected  into  the  circulation,  pnxluce  paralysis  of  the 
striped  muscle  fibres,  convulsions,  coma,  and  death.  Extracts  from 
some  cultures  produce  irritation  of  the  mucous  membranes  of  the  large 
intestines  with  dysenteric  symptoms. 

Orowth  with  Other  Bacteria. — Colon  bacilli  grown  with  typhoid  bacilli 
are  lundered  in  their  gas  production  and  indol  formation,  while  the 
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latter  soon  die  out.  (Typhoid  badlLi  usually  die  out  in  the  filtrate  of 
)lon  culture.)  Colon  varieties  differ  as  to  whether  they  increase  or 
""not  in  the  old  culture  fluids  of  other  broth  colon  cultures.  The  colon 
bacilli  act  antagonistically  to  many  of  the  proteolytic  bacteria  in  the 
intestinal  tract,  anil  so  inhibit  alkaline  putrefaction  by  them.  In  milk 
the  same  antagonism  exists,  probably  because  of  the  acidjty  caused 
by  the  colon  gn»wth. 

Reaction  to  Temperature.— Growth  takes  place  best  at  37°  C;  the 
range  is  from  5*^  to  45°  C.  Colon  baciUi  are  killed  at  60^  C.  in  from 
five  to  fifteen  minutes.  Fro7.en  in  ice  a  lar^  proportion  <iie,  but  some 
resist  for  six  montlis.  In  liquid  air  ^5  per  cent,  are  killed  in  two 
hour5. 

Resiitance  to  Drying. — The  colon  bacillus;  is  quite  resistant.  Simple 
drying  destroys  the  majority  of  organisms  dried  at  any  one  time,  but 
s<"in>e  l>acilli  of  the  number  dried  may  remain  alive,  especially  when 
held  iu  the  texture  of  threads,  for  five  to  six  months,  or  all  may  die  in 
fortyK-ighl  hours. 

Effect  of  Light.— In  water  exposed  to  direct  sunhght  colon  bacilli 

are  killed  in  from  one  to  six  hours.    In  diffuse  light  a  moderate  effect 

•  only  is  prodm-ed.     They  are  fairly  resi.stant  (o  Uoentgen  raj's,  quite 

to  the  electric  current. 

Effect  of  Acids. — The  colon  bacilli  gmw  in  a  wider  range  nf  acids 
and  alkalif.-i  than  most  other  bacteria.  Tliey  develop  in  from  0.2  to  0.4 
per  cent,  of  mineral  acids  in  frorn  0.3  to  0.45  per  cent,  of  vegetable 
acids,  and  in  from  O.I  to  0.2  per  cent,  nf  alkalies. 

To  most  anti.srptics  they  are  resistant,  growing  feebly  even  in  1 :5000 
formaldehyde.  They  grow  in  from  6  to  8  per  cent,  of  salt  and  live  in 
concentrated  solutions. 

Effect  of  Animal  Fluids  and  Juices. — Gastric  juice  kills  colon  bacilli 
wben  not  protected  or  too  greatly  diluted  hy  food.  They  grow  in  bile 
ami  in  Ihe  intestinal  juices.  Fresh  mbbit  and  dog  blood  kills  colon 
bacilU,  as  also  but  more  quickly  t\i>hoid  bacilli.  Celf  and  horse  serum 
arc  said  to  be  inactive- 
Virulence  of  Colon  Bodlli.  Pathogenic  Properties  in  Animals. — The 
virulence  varies  with  the  culture  and  the  time  since  xH  recover}*  from 
the  intestines.  Other  things  being  equal,  it  is  more  vimlent  from  an 
intestinal  intlanmiation.  From  severe  diarrhcea  the  colon  bacilli  in 
0.25  c.c.  bouillon  culture  may  kill  guinea-jMgs  if  given  Jntraperitoneally, 
while  from  healthy  bowel  2.5  c.c.  are  usually  required.  Sntaller  amounts 
are  fatal  to  white  mice. 

1n:ciii'..\sk  dk  ViRULKurE  Oi'tside  toe  Rnnv. — It  has  been  found 
bv  several  observers  that  in  fermenting  fecal  matter  a  marked  increased 
vinilence  takes  place,  .s*5  that  infection  is  produced  when  received  by 
man.  Some  investigators  claim  that  by  growing  the  colon  bacilli  with 
irphoid  bacilli  and  with  the  pyogenic  cocci  increase  of  virulence  occurs. 
This  is  improbable  outside  the  body.  The  lesions  following  injection 
with  <x>lon  bacilli  do  not  differ  from  those  produced  by  the  typhoid 
bacilli. 
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Pathogenesis. — ^Tlie  Ksiona  present  in  intestliiAl  infection  are 
oi  cutenitj.;  ttie  duodenum  and  jojuniini  are  found  to  contain  fluid,  tbe 
spleen  is  soiut^wliiU  enlar;^'t].  luul  there  is  marked  lijitenemia  and  tt-fliy- 
mnsis  of  the  .small  i[ltl•sliIl^•^.  together  witli  .swelling  of  Pfver'i  pati-hes. 

Intraperitonenl  unti  intmvenoiis  inix'ulation  of  piinea-pig^  and  »)>• 
bits  may  also  prorluce  death,  whieh,  when  it  follows,  usually  lakes 
place  within  the  first  forty-ei^ht  hours,  acrompanieil  by  a  *lecided  fall 
of  temperature,  the  symptoms  of  enteritis,  diurrluea,  etc.,  aiitl  finally 
fibropurulent  iieritonitia. 

When  sulx-utaneous  inoculations  of  mice  aad  guinea-pigs  are  made 
it  requires  the  introduction  of  much  larger  quantities  of  the  cultures 
to  produce  infection;  in  rahhits  this  is  follnwed  only  l>y  aUscess  forma- 
tion at  the  point  of  inoculation.     Do(;s  and  cats  are  similarly  atTeeted. 

Alliarrjiii  arul  Hnll*^  have  cauMMl  eysli(is  and  pyelonephritJs  hy  direct 
injections  into  tbe  bladder  and  ureters,  the  urine  being  urtiHeially  sup- 
pressed; Chassin  and  Roger  produced  angiocholitis  and  abscess  of  the 
liver  in  the  same  way.  .■Vkemutun  produced  osteomyelitis  in  youn^ 
rabbits  hy  intravenous  injections  of  cultures. 

From  experinient-s  on  animals  it  would,  therefore,  appear  that  the 
true  exjilanatiou  nf  the  pathogenesis  of  the  colon  bacillu.H  is  undoubt- 
edly to  be  found  in  the  toxic  elTerts  of  the  chemical  substance  aod 
profliict.s  of  the  cells. 

Immunization. — Inununi'Mtion  against  rolon  bacillus  infection  is  pro- 
duced in  the  same  way  and  to  the  same  ilegree  as  in  typhoid  bacillus 
infetrtioii.  The  seruni  from  a  horse  rcei'iving  a  nuinl«T  of  different 
strains  Is  required,  if  protection  from  all  nieinl>ers  of  the  colon  group 
is  de>irt;d.     The  scnun  is  not  at  prt-sent  employcrl  therapeutically. 

Occurrence  in  BCan  and  Animals  during  Realtb- — The  bacillus  coli 
communis  is  a  common  inhabitant  of  tlie  intestinal  canal  in  man  and 
in  almost  all  domestic  animals.  It  is  also  found  at  times  in  wild  animals 
and  appears  at  times  to  develop  in  fishes. 

Occnirence  Outside  of  tbe  Intestines. — Colon  bacilli  are  found  wherever 
human  or  iii)itiial  IV-t-cs  are  faniiMJ.  In  water  a  very  few  colon  bacilli, 
less  than  one  to  each  10  c.c,  are  not  sufficient  to  give  rise  to  the  sus- 
picion llmt  it  is  contaminuted.  K\en  1  per  c.c.  does  not  show  human 
coutauiiuation, since  such  a  nuiulier  could  equally  well  come  from  manure 
spread  on  fields,  f'olon  bacilli  arc  apt  (o  l>e  found  In  evervthing  which 
comes  in  contact  with  muii  or  animals,  or  dust  where  llicy  have  lieen. 

Variation  in  Morphological  and  Biological  Characters. — By  subjecting 
Ihem  to  higher  than  iiorinal  temperature,  to  long  growth  iu  old  culture 
Huids,  to  the  action  of  weak  anti.septics,  and  to  the  passage  through 
anirnHLs,  eoluii  bacilli  have  l>een  changed  .sii  as  to  lose  the  })Ower  to  make 
indot  and  ferment  sugars  with  gas  pmduction.  They  have  not,  however. 
latMi  made  to  approach  typhoid  Imcilli  in  their  agglutination  eliarae- 
leri.stics  or  in  their  motility.  The  change  has  simply  lieen  to  weaken  the 
chanwteristics  typical  of  colon,  and  ibis  gives  tluin  appearances  similar 
lo  typhoid  bacilli,  but  in  parasitic  ways  they  arc  still  quite  dilfcrent. 

'lo  the  colon  group  the  following  characteristics  are  essential:   short 
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rod  form;  relatively  good  gro»*th  on  media;  decolorization  by  Gram; 
the  IfLckof  appreciable  liquefaction  of  gelatin;  the  facultative  properties; 
indol  formation;  sugar  feruientation;  milk  coagulation;  motility;  patho- 
genic properties  in  animals  to  greater  or  less  extent  The  saprophytic 
life  of  the  colon  bacillus  leads  to  gradual  variations  acconling  to  con- 
ditions. 

AssocifttioD  with  Other  Bacteria  in  the  Intestines.— In  infant  stools 
we  n>unlly  Hnd  in  itniiimry  ctiltnrtvs  only  liacli-rium  coli  and  bai'terium 
lactis  aerogenes.  Both  fail  to  ferment  albumin,  and  both  markedly 
ferment  carbohydrates.  The  bacterium  lactis  ai?rogcnes  is  most  abundant 
in  the  upper  intestinal  tract,  the  colon  bacillus  in  the  lower  intestines. 
The  former  appears  to  feed  on  the  carlwhydratcs,  the  latter  on  sub- 
stances secreted  by  the  intestinal  mucous  membranes.  Only  aliout 
10  per  cent,  of  the  bacteria  seen  under  the  microscope  appear  as  colonies, 
and  whereas  in  infant  stools  the  majority  of  the  bacteria  are  frequently 
Gram  ptisitive,  the  larger  num^ior  of  the  colonies  are  composed  of 
Gram-negative  bacteria.  Some  of  the  Grara-posltive  bacteria  are 
Anaerobic;  others  fail  to  grow  on  onlinary  culture  media.  These  con- 
ditions, the  normal  presence  of  colon  bacilli  and  the  tendency  of  other 
bacteria  not  to  grow  in  culture  media,  make  the  greatest  care  neces- 
sary ill  weigliing  coucluaiuus  aa  to  the  pathogenic  significance  of  colon 
bacilli  in  disease.  Further,  although  most  colon  bacilli  seem  alike  in 
the  cruder  methods  formerly  employed,  it  is  now  found  that  there  are 
many  differences  in  their  action  upon  carbohydrates  and  In  their  agglu- 
tination afRnities.  There  has  thus  come  to  be  a  group  of  colon  bacilli 
rather  than  a  colon  bacillu.s.  Escherich  restricts  the  name  to  liactUi 
having  the  characteristics  of  those  existing  in  the  intestines  of  normal 
nurang  infants. 

The  following  schematic  table  illustrates  some  of  the  characteristics 
of  members  of  the  colon  group  and  of  the  typhoid  bacilli : 
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The  OoIdd  Badllas  under  Physiolvffical  and  Patholo^cal  CoDditiona. — 
In  Uie  brea-st-fcd  infant  williin  a  few  Imurs  ordiiys  aftor  birth  one  or  two 
varieties  of  typif-al  colon  bacilli  are  foutui  In  the  c[i!uii,  and  these  bacilli 
form  the  great  majority  of  all  the  bacteria  pn-seiit  which  grow  in  media. 
The  bacilli  in  one  infant's  intestines  usually  all  agglutinate  with  the 
same  serum,  but  those  from  different  Infants  vary.     The  bacilli  find 
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th^r  way  through  the  food  or  from  the  anus  upw&rd.  In  the  omall 
intestines  the  I>acterium  laetis  aerogenes  is  most  prevalent,  while  m  the 
ciecuni  and  Ih-Ihw  the  eohm  t_v[M"s  [infhitniiiate. 

In  healthy  intestines  a  junciion  of  colon  hocilli  is  supposed  to  be  to 
prevent,  through  acids  and  other  prx>rlucta  formed,  tlie  development  of 
putrefactive  bacteiia.  In  normal  intestines  with  intact  uiucous  mem- 
branes the  toxic  products  fomietl  bv  the  colon  bacilli  are  al*sorbed  but 
Uttle  or  not  at  all,  and  the  bacJUi  themselves  are  preventeil  from  invad- 
ing the  tissues  by  the  epithelial  layer  and  the  barteriridal  properties  of 
the  body  fluids.  Possibly  there  is  an  actjuireil  immuuity  to  the  coIod 
varieties  which  have  long  inhabited  the  intestines. 

Behavior  dnzing  Diarrbcea. — In  diarrhuea  we  find  increased  peristalsis* 
less  absiirption  of  fuoilsiniT,  incn*a.seil  and  ehangctl  intestinal  secre- 
tions. Tissier  observed  that  under  treatment  with  cathartics  the  eolon 
varieties  increased,  while  the  anaerobic  forms  are  inhibited.  In  diarrbcea 
tlie  same  eontUtiuns  are  active,  inhibiting  causes  arc  lessened,  and 
increased  mucus  and  scnun  are  poured  out  into  the  canal.  This  is 
notably  seen  in  typhoid  fever.  In  diarrbcea,  although  the  common 
colon  varieties  are  met  with,  there  is  usually  seen  a  difference  in  that 
uncommon  varieties  and  more  typhoid-like  bacteria  are  also  found. 
Much  more  investigation  is  needed  on  this  complex  subject  of  varia- 
lion  in  tv"[H's  iK-twi-^'n  health  aiul  disease. 

Piwags  of  Colon  Bacilli  throogb  the  Walls  of  the  Intestines  Jost  Beforo 
and  After  Death. — 'TW  colon  bacilli  tend  to  pass  thriuigh  the  intestinal 
walls  shortly  after  deatli  in  those  who  have  sutrered  from  chronic  ill- 
ness. In  chronic  disease  the  resistance  of  the  tissues  is  lessened  or 
removed,  an<l  if  to  thi.s  is  added  ulceration  or  loss  of  epithelium  in 
the  lining  of  the  intestines  the  entrance  of  the  bacteria  is  still  more 
favored.  The  temperature  at  which  the  hotly  is  kept  after  death  deter- 
mines often  whether  u  general  ptist-niortein  invasion  takes  place.  The 
passage  of  the  colon  bacilli  Ix-fore  death  rarely  oeeurs  unless  some 
lesions  of  tin-  iiili-.stine^i  are  pn*.sfnt. 

Varieties  of  Colon  Bacilli  as  Disease  Prodacers. — ^The  colon  badllus 
.  was  at  first  regarded  purely  as  a  saprophyte.  Later,  through  nut  realiz- 
ing the  post-mortem  invasion  and  (lie  great  ease  of  growth  of  the 
colon  bacillus  on  ordinar)'  media,  the  other  extreme  was  taken  of  attrib* 
uting  loo  much  to  it.  By  means  of  specific  sera  and  more  careful  study 
we  are  now  coming  to  a  clearer  view  of  the  action  of  this  micro-organ i.sm. 
The  colon  varieties  met  ^vith  ditl'er  considerably,  and  we  now  speak  of 
the  colon  group  rather  than  of  the  bacterium  eoli  communis. 

It  is  liesl  to  iry  and  separate  the  cases  which  come  from  varieties  of 
the  eolon  Iweillus  normally  present  In  the  intestines  from  those  derived 
from  outside  infection.  In  this  latter  class  the  bacilli  again  vary  from 
the  atypical  varieties  to  those  classed  out  of  the  group,  such  as  the  parft- 
colon  bacilli,  the  dysentcr)-  bacillus,  the  bacilli  from  meat  and  food 
infections,  etc.   These  bacilli  are  considered  under  their  special  headings. 

The  colon  bacilli  previoiLsly  in  the  intestines  can,  either  by  an  in- 
CTea.se  in  virulenee  in  Uiem  or  by  a  lowered  resi.stance  in  the  person. 
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invade  Uie  tissues  in  which  thpir  toxins  act,  causing  injury  to  the  intes- 
tinal tract.  Thus  in  the  case  of  ulcorntion  in  trphoid  fever  the  colon 
bacilU  enter  the  blooil,  or  in  perforatiun  produce  peritonitis.  In  dying 
conditions  they  at  timea  pass  through  tho  intact  niuoous  lining.  In 
the  f^tl-btacUler  or  urinary  tmrt  the  spread  of  bacilli  from  the  intestines 
may  cause  diseaw.  The  ^-indeiici'  of  (lie  ctiloii  bacillus  in  endogenous 
infection  is  usually  somewhat  increased  over  that  which  it  possessed 
when  it  was  latent  in  the  intestine.  The  specific  scrum  reaction  in  the 
body  is  a  sign  of  infection,  hut  great  care  ha.s  to  be  observed  in  deciding 
that  it  is  present,  tu^  group  agglutinins  al-^  occur.  I'p  to  the  present 
time  it  is  very  ilifhcuU  to  slate  in  any  colon  infection  whether  the 
Imcilli  were  previously  presiTit  in  the  intestines  or  were  derived  from 
outside. 

Colon  BacilloB  in  Sepsu. — In  lesions  of  the  int^^tinal  mucous  niem- 
bnincs  or  in  colon  cystiti.'j,  pyelitis,  or  cholecystitis,  there  is  fret|uent]y 
just  before  death  a  tenninal  dissemination  of  the  bacilli  and  conse- 
quent septicipraia.  Here  special  symptoms  of  intoxication  may  occur, 
such  as  diarrhoea,  changes  in  temperature,  heart  weakness,  and  hemor- 
rhages. In  most  of  these  ca-ies  infwtion  proceeds  from  the  intestines, 
but  in  not  a  few  from  the  wounded  urethra  or  blathler.  The  colon 
septicemia  is  detected  by  hlood  cultures.  At  times  very  few  bacilli 
are  found,  and  then  the  lilnnid  infectinu  umy  be  less  important  than 
tlie  local  one.  Cases  occurring  in  typhoid  and  cliolera  are  often  obsen'ctl, 
especially  in  relapses  in  typhoid.  In  very  young  infants  n  malignant 
septictemia  with  tendency  to  hemorrhages  is  due  to  colon  septicaTnia. 
An  epidemic  due  to  c<)lon  infection  of  water  lias  Ix'en  note<l.  Infection 
through  food  and  water  are  usually  brought  about  by  other  closely 
allie<i  Imcilli  not  belonging  to  the  colon  group. 

Colon  BaciUos  In  Diarrhcea. — Ijcsage,  in  IS9S,  stated  that  25  per  cent, 
of  77l)  casas  reported  by  liim  of  hreast-feil  chiEdren  were  due  to  pure 
Cvilon  inf^^etion,  while  the  others  were  frnni  mixed  infection  in  which 
the  meaning  of  the  colon  baeiEli  present  was  more  doubtful.  The 
majority  of  bacteriologists  are  inclined  to  doubt  that  the  typical  colon 
bacillus  is  an  important  etiological  factor  in  the  production  oi  diarrhrra, 
but  believe  tliai  it  is  due  rather  to  other,  slightly  difTerent,  uiiei-o-orgau- 
istns,  colon-like  in  their  characteri.^tics.  The  reasons  for  this  opinion 
an*  given  by  Kscherich  and  Pfnundler  an  follows; 

1.  Animals  are  certainly  afrecieil  by  epiilemic  infections  of  bacteria 
closely  allied  to  the  colon  group — e.g.,  diarrhcea  of  calves  and  cows, 
ht^-cholers,  enteritis  with  ulceration  in  horses,  etc. 

2.  The  histories  of  attacks  of  acute  ili!irrli(i*a  in  men  after  eating 
fo<Kl  of  such  infecteil  animals,  and  the  presence  of  the  serum  reaction 
afterward.  These  iMieteria  are  colon-like,  though  clas-sed  with  the 
enteritidis  group. 

3.  The  diseases  of  t\i>iioidn!  nature  are  due  to  the  closely  allied 
paracolon  or  paratyplioid  bacilli,  and  others  are  due  to  the  dysentery 
group,  in  which  the  inflammatory  and  necrotic  process  localizes  itself 
mostiv  in  the  lower  colon  and  rectum. 
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Numerous  epidemics  of  aoiite  diarrheal  in  cliililrcn  from  one  to  five 
years  of  «ge  have  l»een  noted  in  which  almost  pure  cultures  of  colon 
bacilli  hove  Lwcn  founi,!.  The  sj'mptouis  begiu  with  high  fever  wliich 
often  rapidly  fulls,  aud  fref]ueut  stools  cootuining  mucus  and  streaks 
of  blocxl  or  only  watery.  These  symptoms  may  quickly  abate  or  go 
on  to  a  toxic  state  characterized  by  heart  weakness  and  drowsiness. 
This  may  lea<l  to  hmg  complications  or  death.  In  many  such  cases  in 
America  when  bloo<l  has  been  present  we  liave  found  one  of  the  mannite 
fermenting  types  of  the  dysentery  haeilhis.  Here  tlie  lesions  must  1« 
considered  as  being  due  to  mixed  infection. 

The  colon  group  as  exciters  of  inflammation  are  much  less  apt  to 
produce  pus  than  tlie  pyogenic  cocci.  Tlic  [wrlfoueum,  the  bile  tnicts, 
and  the  urinary  tracts  are  most  frequently  affected,  but  it  abo  causes 
inflammation  in  wounds  and  various  organs  of  the  body. 

Experimental  evidence  goes  to  show  that  the  injection  of  cultures  of  any 
of  the  varieties  of  colon  bacilli  into  the  peritoneal  cavity  produces  intense 
and  fatal  peritonitis.  Some  varieties  when  freshly  isolated  are  es|)e- 
cially  virulent.  Not  only  perforation  of  the  intestines  in  man,  but  injury 
to  the  intestinal  walls,  allows  colon  infection  of  the  peritoneum  to 
take  place,  and  if  foreign  bodies  are  present  in  the  peritoneum,  or  the 
epitheliinn  injured,  or  absorption  interfered  with,  such  acute  general 
peritonitis  is  very  probable.  At  first  most  of  these  caw-s  were  believed 
to  be  a  pure  colon  infection,  but  now  it  is  known  tliat  Uiis  idea  came 
lai^cly  from  the  overgrowth  of  colon  bacilli  in  the  cultures.  More 
careful  investigations,  through  cultures  and  smears,  have  demonstrated 
the  fact  that  streptococci,  and  less  fref|ucntly  staph yIocc»cci  and  pneu- 
mococci,  are  present  in  [Mrltonitis  arising  from  intestinal  sources. 
The  colon  Ijacilli  found  even  iu  the  same  case  commonly  comprise  many 
Tfarieties. 

The  Colon  Qroop  hi  Inflanunation  of  the  Bile  Tract.— The  contents  of 
the  galt-bladdtT  arv  usually  slerile.  Tliis  is  true  In  spite  of  the  fact 
that  bile  is  appitrently  a  good  culture  medium  for  the  colon  group. 
Simple  tying  of  the  neck  of  the  gall-bladder  usually  causes  a  colon 
infection  to  take  place  witlun  twenty-four  hours.  Obstruction  of  the 
bile-duct  through  various  causes  is  fatrly  common  in  man.  The  gall- 
bladder then  l»ec<)mes  infected,  and  following  the  inHammation  of  the 
mucous  membranes  there  is  often  the  formation  of  gallstones.  Some  cases 
■of  jaundice  are  believeil  to  Ik-  »hie  to  colon  inflammation  of  the  gall-ducrts. 

Inflainmation  of  the  Pancreas. — Welch  wa.s  tlie  lirst  to  record  a  ca«e 
of  pancreatitis  with  multiple  fat  necnises  due  to  colon  infection.  A  few 
more  cases  have  since  lieen  reportwl  as  due  to  menilx-rs  of  the  colon 
group,  either  alone  or  in  etinjunclion  w  ilh  the  pyogenic  cocci. 

luAammatlon  of  the  Urinary  Tract.-  .\s  far  back  as  1^79  Bouchard 
noted  cystitis  due  to  bacilli  of  the  colon  group.  After  injur}*  of  the 
bladder  mucous  membrane,  or  by  ligature  of  the  urethra,  it  is  possible 
10  excite  cvslitin  in  animals  by  injection  of  colon  bacilli.  When  cystitis 
is  established  tiie  Imcterial  infection  frequently  .spreads  to  the  |>elvis 
of  the  kitliteys,  causing  a  pveliiis  or  suppurative  nephritis.    TIte  same 
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process  often  occurs  in  man.  In  most  cases  of  chronic  cystitis  the 
ureters  and  pelves  of  the  kidneys  liecome  involved;  any  malfomiBtion 
of  the  ureters  aids  the  process.  From  the  pelvis  the  baclena  push  up 
into  the  urinar.-  tuhulp.'?and  excite  inflammation  and  multiple  oUscesses. 
At  limes  the  Uicilli  foit-e  their  way  through  the  lymph  channels  or 
capillaries   into  the  blood   current.     Colon   infection   of  the  different 

farta  of  the  urinary  tract  may  occur  at  any  a^e,  from  infancy  upward. 
nstend  of  starting  in  the  hliidder  it  nuiy  begin  in  the  kidney  itself, 
the  colon  bacilli  coming  from  the  blood  or  i>ertloiieum.  In  many  of 
these  cases  the  bacilli  isolated  from  the  urine  are  clumped  in  high 
dilutions  of  blood  from  the  patient. 

Although  other  bacteria — the  pyogenic  cocci,  the  proteus.  the  typhoid 
bacillus,  etc.— may  excite  cystitis,  still  in  DO  per  cent,  of  all  cases  some 
of  the  colon  group  are  found,  and  tlii.s  percentage  is  even  higher  in 
young  children.  Tim  clinical  jHctiirf  of  colon  infection  is  very  variable. 
Tlie  lightest  ciises  progress  under  the  guise  of  a  bacteriuria.  Tlie  urine 
b  paswd  a  little  mon:'  frc<|ue]itly  iiinl  shows  a  fine  grarndar  clrtitdincss. 
The  reaction  is  acid.  The  cell  elements  are  but  little  increased.  There 
l-*  an  excess  of  mucus.  Albumin  is  absent  or  present  in  only  a  tnice. 
The  condition  may  last  for  weeks  or  months  and  then  spontaneously 
disappear  or  grow  worse.  \Vith  a  somewhat  more  severe  infection 
there  is  painful  urination,  perhaps  tenesmus,  increase  of  pus  cells^ 
and  slight  fever.  In  a  conical  glass  a  sediment  of  pus  cells  forms 
at  tlie  bottom,  and  clear  urine  remains  above.  In  chronic  cases 
the  fever  is  usually  ahseiil,  but  aiia-uiia  ntnl  lo.ss  of  tone  apftcar.  If 
the  infection  passes  to  the  kidney  colicky  pain  and  tenderness  over 
the  region  of  the  kidneys  are  usually  present.  The  most  important 
symptom  of  pyelitis  is  uu  irregular  intcrrniKcnt  fever  rcseudiling  nuilnria. 
The  albumin  is  increased  in  the  urine  and  retl  blood  cells  may  l>e  seen. 
If  a  general  nephritis  arises  the  symptoms  are  all  intensified  and  an 
ana-mic  condition  may  develop.  A  seption-mia  may  finally  result. 
Therapeutic  l>acteriologicftl  means  are  employed  to  treat  this  affec- 
tion; irrigation  of  the  bladder  with  creolin,  \ym\,  ami  silver  sohition. 
Internally  urotropin  t_>r  salol  are  given. 

In  most  of  these  cases  the  microscopic  eKamination  is  sufficient 
to  make  n  probable  diagnosis,  since  the  bacteria  arc  so  abundant. 
The  variety  of  colon  bacillus  present  can,  of  course,  only  be  told  by 
cultures  and  other  means.  In  the  urine  they  appear  as  <lip]obacil)i, 
or  partly  in  short,  almost  coccus,  fonns,  partly  in  long  tlireads.  As 
a  rule,  motility  is  absent.  Not  infrequently  the  cultures  appear  (o  be 
identical  with  the  bacterium  lactis  ai-rogenea. 

The  characteristics  of  tlie  urine  hstAf  have  much  to  do  with  the 
probability  of  infection;  the  more  acid  urines  being  less  likely  to  afford 
a  proper  soil  for  growth.  Some  urines  arc  bactericidal  even  when 
tbey  are  neutral.  The  substances  producing  this  condition  are  not 
known.  The  colon  bacilli  in  the  urine  produce  no  appreciable  effect 
on  the  reaction,  but  give  up  some  of  their  toxins,  which  upon  absorp- 
tion cause  ttie  deleterious  local  and  general  effects.    The  serum  of  the 
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patieat  usually  agglutiimtes  the  cultures  from  th«  urine  in  1:20  or  1:50 
dilutions,  but  thus  pmpertv  is  Kninelinin;  absent,  especially  in  light  cases. 

The  colon  variety  foutui  in  the  urine  ran  unlinarily  Ik*  tielected  alsci 
in  tlie  feces.  This  would  suggest  an  autoinfection.  C}'stic  infection  in 
the  female  usiiuUy  takes  place  t}irou}j;li  the  urethra.  In  1>nth  male 
and  female  any  injury  or  disease  of  the  rectal  mucous  uicnibrunes 
contiguous  to  the  blatUler  creates  a  possibility  of  the  invasion  of  the 
colon  thrnufrh  the  lymph  channel  of  the  inflamed  tissues  and  uiuse  & 
colon  cystitis.  It  is  also  possible  that  at  times  an  infection  may  take 
place  through  the  ki<lney,  this  organ  having  received  the  bacilli  from 
the  hloo«l.  Be-sides  the  abovi.--iiU'ntione<l  ways,  we  may  have  direct 
infection  carried  in  by  the  catheter,  sound,  etc. 

In  all  eases  in  aihlition  tu  the  introduction  of  the  colon  bacillus  a 
pretlisposing  c*mdition  must  Iw  present,  such  as  more  or  less  marked 
retention  of  urine  by  an  enUii^d  prostate  or  stricture,  any  unhealthy 
state  of  the  mucous  membrane  or  general  depression  of  vitality. 

The  Colon  Ckoap  as  Pas  Formflrs. — Members  of  this  group  are  fre- 
quently the  cause  of  abscesses  in  the  region  of  the  rectum,  urethra, 
and  kitiney.    They  are  rarely  met  witli  in  other  hxyitions. 

Thfl  Colon  Oroap  in  loflammation  Not  PrAviotuly  Mentioned. — Hroncbo- 
pnrruinonia,  lnhar  pneninoiiia.  and  pleuri.'^v  have  occasioimlly  \tf*tn 
caused  by  colon  bacilli,  proboblj  from  blood  sources.  Not  a  few  cases 
of  meiiin^tis  and  spinal  meningitis  in  infants,  following  localized  colon 
infections,  are  due  to  colon  bacilli.  Tl»e  symptoms  are  not  well  devel- 
oped, as  a  rule.     Some  cases  of  cudocanlitis  liavf  nlso  l>een  noted. 

The  Colon  Oroup  u  Producers  of  Absorbable  Toxins. — 'IMirough  intes- 
tinal fermentation  substances  are  formenl  which  when  absorbed  produce 
marked  ner\'Ous  symptoms.  The  presence  of  indican  in  the  urine 
usually  nieaiis  thai  such  impro[HT  fmnentation  is  present. 

Methods  o(  Isolation. —  While  the  isolation  of  t^-plioid  bacilli  from 
feces,  water,  dust.  etc..  is  attenilcd,  as  a  rule,  with  difficulty,  pure  cul- 
tures of  colon  liacilli  can  u.^ually  be  obtained  from  such  substances  by 
the  simplest  prcx-wlures.    The  following  methods  may  be  recommended  : 

1.  Inoculate  10  c.c.  of  fliii<l  2  i>er  rent,  lnrtn.se  or  dexln>sc  litinu.i 
agar  with  feces  or  .suspccte<]  material.  The  melted  agar  should  he  at  a 
temperature  of  alM>ut  41°  C.  After  shaking  pour  in  Petri  di.sh.  Several 
dilutions  should  be  miule.  After  eighteen  hours  examine  the  plates  and 
inoculate  the  nuitents  of  a  number  of  tulies  containing  2  jkt  cent, 
ilexinise  agitr  wi(h  luiy  ciiliinies  showing  a  red  color.  The  eolon  bacilli 
will  produce  gas  and  ncid. 

2.  Inoculation  of  increasing  quantities  of  the  material  (water)  in  2 
per  cent.  de.Ktrose  nutrient  bouillon.  The  presence  of  colon  bacilli  in 
the  inoculated  portion  prtnluces  after  twelve  to  twenty-four  hours  active 
femientalinn  in  the  tul>e.     r Plate  and  isolate  as  in  I.) 

3.  The  inoculation  of  glucose  Ijouillun  to  which  small  atnnunts  of 
carbolic  iwid  or  iif  hy<lnichlorir  m-id  have  licen  atlile<l  to  inhibit  the 
growth  of  many  other  varieties  of  Iwcteria.  This  uiethoil  has  not  given 
unv  belter  n-riults  than  2. 
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Intennediato  Members  of  the  Typboid-colon  Oroap  of  Bacilli. 

Until  recent  years  (he  tliflicultie.s  attending  the  tliffei-entiation  of  the 
various  members  of  the  typhoid  and  colon  groups  of  bacilli  have  been 
so  great  that  an  awnirate  study  of  the  vamHiPs  has  not  liet;n  possible. 
*n»e  application  of  the  Gruber-Widal  reaction  to  this  investigation  has, 
however,  served  to  clear  up  the  field  to  a  great  extent,  so  that  a(  the 
present  time  the  differentiation  is  coitiparatively  easy.  Gfirtner's  dis- 
covery of  the  bacilhis  enterilidis  in  ISSS  in  association  with  epidemics 
of  meat  poisoning  first  gave  impetus  to  the  study  of  the  intermediates. 
Nocard's  work  on  bacillus  psittacosis  followed  in  1892.  In  1893  Gilbert 
introduced  the  terms  "paracolon"  and  "paratyphoid"  to  designate 
bacilli  of  this  group  resembling  more  nearly  in  biological  characters  the 
colon  l>acilliis  on  the  one  hanJ  and  the  typhoirl  bacillus  on  (he  Other, 
but  at  that  time  the  organisms  now  known  as  paratyphoid  bacilli  had 
not  l>ecn  ideutifcd. 

The  intermediates  include  bacillus  entcritidis  and  similar  organisms 
recovered  from  cases  of  epidErinic  meat  poisoning,  (he  gas-producing 
typhoifi-like  IjaciUI  of  various  ol>ser\Trs,  bacillus  psittacosis,  bacillus 
c^olerec  suis,  Imcillus  icteroides,  bacillus  of  calf  soptica'mia,  and  the 
various  parat%'pho)d  and  paracolon  bacilli  that  have  l>een  described 
pecentiy. 

The  bacilli  intermediates  Iietween  bacilus  ivdi  communis  an*!  bacillus 
tvphoxus  can  Im-  diKtingnished  without  iliflicultv  from  cillirr  of  them. 
Tliey  prfthice  gas  in  glucose  media  and  in  this  respect  they  differ  from 
tyjihoii),  but,  unlike  bacUus  coh  communis,  tliey  have  no  power  of 
fermenting  lactose,  coagulating  milk  or  fonning  indol. 

They  are  not  agglutinated  by  typhoid  sera  except,  as  in  the  case  of 
ct^on  badlli,  im|>erfectly  in  low  dilutiorts  l>eraijse  of  group  agglutinin. 

Among  the  intermediates  themselves,  however,  two  main  groups  can 
be  recognized,  and  it  is  proposed  to  mil  these  paracolon  and  paraiypl.oid 
groups,  the  former  apiH-unng  in  some  respects  to  l>e  more  nearly 
Allied  to  bacillus  coli  communis  and  the  tatter  more  nearly  to  typhoid. 

The  main  points  of  dilTcrenct'  hiv  that  (he  paracoloius  turn  milk  and 
whey  alkaline  after  a  short  initial  acidity  and  form  gas  freely  in  glu- 
cose media,  while  with  the  paratyphoids  there  is  iu  milk  and  whey  an 
initial  acidity,  but  no  or  very  slight  subsequent  alkalinity;  the  gas 
production  in  glucose  media  is  much  less  pronounced.  Neutral  red 
agar  abo  differentiates  lx;tween  the  two  groups.  Like  bacillus  coli  com- 
munis all  the  intermediates  reduce  the  color  to  yellow  in  twenty-four 
TO  forty-*ight  hours,  but  with  the  paratyphoids  after  four  or  five  days 
tlie  red  color  begins  to  return  fniin  hIkivc  dowiiwanl  unt!)  in  two  or 
tliree  weeks  the  medium  is  again  red  throughout.  With  the  paracolons 
the  yellow  color  is  permanent. 

.A^lutinatton  tests  have  taught  us  that  the  members  of  the  coli  com- 
nmnis  group  do  not  constitdte  a  distinct  species  as  in  the  case  with 
tj-phoid  bacilli.  Vi\\ca  these  tests  are  appHetl  to  the  intermediates  it 
is  louml  that  the  meml>ers  of  the  paracolon  group  do  not  all  show  mutual 
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rcacfious,  and  tlie  group  must,  therefore,  be  composed  of  a  number  ot 
distinct  riaces,  as  is  the  cose  with  bacillus  coli  communis.  The  para- 
typhoids, on  tlie  other  hand,  none  of  which  has  so  far  been  isolated  front 
cases  other  than  lyphoidal,  interact  without  exception;  that  is  to  say,  an 
active  serum  prepared  from  any  one  of  the  Imciiti  will  ngghitinate  all  the 
m^nbeis  of  the  group.  The  pam typhoids,  then,  appear  to  be  a  distinct 
species  in  tlu*  same  sense  ifiat  the  typhoid  VuieiHi  are  n  distinct  species. 
It  may  be  found  possible  to  distinpiish  various  species  within  the 
paracolon  group.  Tiiere  are  certainiy  tlirec  raenil>ers  which  afford 
mutual  reHctioos — one  of  those  isolated  by  Schottiuiiller,  one  by 
Kurth,  and  one  by  Libman— and  these  luighi  provisionally  be  called 
/?-para typhoids.  Since,  however,  there  are  others  of  the  paracolon 
group  which  have  caused  typhoidal  symptoms,  yet  do  not  appear  to 
belong  to  this  particular  species,  it  seems  a  little  premature  to  attempt 
these  fine  distinctions,  and  for  the  present  it  will  l»e  sufficient  to  conBne 
ourselves  to  the  idea  of  the  two  main  groups: 

I.  The  Paracolons. — A  group  of  bacilli,  tlie  members  of  which  are 
cultundly  alike,  but  constitute  several  distinct  spt^iea,  some  of  which 
may  give  rise  to  typhoidal  symptoms  in  man. 

II.  Tkf  ParnltjpjMiJji. — .\  distinct  species,  culturally  unlike  the  para- 
colon bacilli,  and  causes  typlioicial  symptoms  in  man. 

Patliogenicity  in  man  has  been  established  for  other  of  the  into 
mediates.    Broadly  speaking  there  are  three  types  of  infection : 

1.  'IVphoid  type,  caused  by  the  paratyphoid  bacilli  and  certain  of 
the  paracolons.' 

2.  KpinKMic  MFAT-P0I60X1NG  TTPE,  caused  by  bacillus  enteritidis 
and  its  allies. 

3.  pRiTfACOSis  TYPE,  causcd  bv  bacilliis  psittacosis. 

In  addition  to  these  three  ty[)es  Griinbauni  has  suggestetl  that  febrile 
jaundice  may  be  caused  by  one  of  the  intcnnediates. 

Bacillus  icteroides  (Saiiarelli),  which  is  probably  an  intermetliate.  Is 
no  longer  tlie  accredited  cause  of  yellow  fever,  but  ]s  considered  simply 
as  a  secondar)-  invader.  It  is  stated  that  it  ferments  dextrose  and 
saccharose. 

TiiF.  TvpnoiD  Type.  The  Tervi  Paratt/phoid  Fervr. — Though 
Gilbert  introilured  the  tenus  "  [mracolon"  and  "  paratyphoid"  in 
189.'^  to  designate  groups  of  bacilli,  AchanJ  and  Bensaude  (IS96)  were 
the  first  to  employ  the  term  paratyphoid  in  a  clinical  sense.  Thb  use 
of  the  term  was  sanctioned  by  Schollmiiller  in  1001,  and  has  been 
adopted  by  several  recent  writers.  On  the  otlier  hand,  Coleman  seriously 
questions  whether  the  term  should  be  recommended,  as  it  leads  to 
unfortunate  multiplicity.  He  considers  it  proven  that  infection  with 
paratyphoid  bacilli  is  often  manifested  by  symptoms  practically  identical 
with  typhoid  fever  except  for  the  Widal  reaction,  that  there  are  differ- 
ences (biological  and  in  serum  relictions)  even  among  the  paratyphoid 
bacilli  themselves  (^^parat^'phoids),  and  that  bacilli  of  the  enteritidis 

>  Petnucbkr'*  baellloi  iKMtu Kladlgtoni,  »b]|«  dm  kd  launnwllil*  ot  tbtgroop  (Ptutikm},  maj 
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type  may  at  times  produce  typhoidal  symptoms.  He  believes  it  is  no 
more  arlvisable  to  make  a  cliiiicul  subdivision  of  th(.'se  cases  thau  of  tlie 
cases  of  pneumonia  or  infective  endocarditis  which  may  be  due  to  one 
of  several  ditTcrent  micro-orpinisma.  Paratyphoid  infections  do  not 
constitute  B  clinical  entity.  There  is  at  least  as  great  diversity  among- 
the  different  types  of  tj*j>hoid  fever  as  between  typhoid  fever  and  para- 
typhoid infections.  NIoreover,  tvphoidal  symptoms  may  be  produced 
by  Petruschky's  bacillus  ffecalt.'^  alcaligeniis  (the  author  states  that  it 
was  obtained  from  the  feces  of  patients  suspected  to  have  typhoid  fever) 
and  yet  this  bacillus  is  iirt  an  intermediate.  It  lies  just  without  tlie 
group  on  the  typhoid  side,  in  that  it  does  not  acidifv  any  siigar-eontaiu- 
ing  medium  (Dunham).  It  is  true  that  the  intestinal  lesions  are  different 
in  that  Peyer's  patches  are  not  usually  markedly  involved.  Even  when 
fatal  hemorrhages  occur  there  are  usually  found  only  one  or  more  deep 
erosions.  The  avenige  course  i.s  milder  ami  the  method  of  infection 
somewhat  different. 

These  various  considerations  make  it  necessary  to  abandon  the  idea 
of  the  sfwcificUy  of  the  clinical  disease  typhoid  fever.  As  in  the  case 
of  abscesses  the  physician  recognizes  the  clinical  fact,  the  hacteriologist 
determines  the  c:iusative  agent.  It  certainly  seems  lietter  to  confine  the 
terms  "panityphoid"  and  "paracolon"  to  the  domain  of  bacteriology 
and  to  hospital  practice,  where  bacteriological  examinations  can  be 
carefully  made,  and  to  broaden  the  scope  of  the  etiology  of  typhoid 
fever  to  include  these  several  organisms — bacillus  fiecalis  alcaligcnus  (f), 
bacillus  typhosus,  bociDus  parat)'phasuR,  and  certain  members  of  the 
paracolon  group  O^-paratv-p holds). 

G'eographical  DislrihiUion  and  Relative  Frequeneif  of  Paratyphoid 
Infection, — ^The  cases  have  been  wiilely  distrilmtwl  geogi'aphically, 
having  occurred  in  Paris,  Hamburg,  Bremen,  Slrnssburg,  Liverpool, 
Philippine  Islands,  New  York  City,  Baltimore,  and  Philadel|)hia. 

Very  little  can  be  said  of  the  rebitive  frequency  of  paratyptiuid  infec- 
tions. Gwyn's  case  was  the  only  one  of  265  cases  which  failed  to  give 
the  Widal  reaction.  Six  of  SchoCtniuller's  cases  occurred  in  a  scries 
of  68  and  Kurth's  5  in  a  series  of  62  cases  whose  sera  were  ti'ste<l  for 
the  Widal  reaction.  Johnston's  4  cases  were  found  among  194,  and 
Hewlett's  1  in  a  series  of  26  cases  of  typhoid  fever.  Hiinennann  has 
reported  an  epidemic  of  'IS  cases  of  parutvphuid  infection  occurring  in 
the  garrison  at  .'^aarbruck.  Folcionl  reports  5  cases  out  of  100  cases 
of  supposed  typhoid  fever.  The  pro|)ortion  of  negative  Widal  relictions 
is  low  in  the  statistics,  but  there  is  a  source  of  error  here  in  that  until 
very  recently  the  tests  have  not  been  made  in  high-enough  dilutions — 
lliat  b,  at  Ica3t  as  high  as  1 :  40. 

Po9t-^moriem  Findings. — Autopsies  were  performed  on  3  fatal  cases 
(Strong,  Longcope,  Tuttle).  The  interest  in  these  autopsies  naturally 
centres  on  the  condition  of  the  intestine.  Strong  states  that  both  the 
Urge  and  small  intestines  were  normal  throughout  except  for  moderate 
catarrh  and  a  few  superficial  hemorrhages.  The  solitary  and  agmin- 
aied  roUicles  showed   no  lesions.     Tlie  mesenteric  lymphatics,  how- 
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ever,  aiid  »ome  along  the  small  intestine,  were  heraorrhagic.  In  Lonf^ 
cope's  case  the  intestine  showed  no  clianges  either  on  gross  or  micro- 
scopic examinatinii.  The  spleen  in  Irath  cases  was  enlarged.  The 
other  pathological  chants  were  those  common  to  febrile  conditions.  In 
Tuttle's  case  a  few  erosions  just  above  the  ileocfecal  valve  were  present. 

SonRcF.  OF  Infkiting  Bai iLLi.— Tuttle's  case  happened  to  be  a 
laboratory  employ(?  in  tl»e  service  of  the  l)cpartnient  of  Health  and 
was  carefully  investigated  by  us.  We  found  that  two  families  consisting 
of  eleven  meml>ers  drank  water  from  an  open  uncovered  tank.  During 
the  summer  the  tank  was  not  cleaned  and  was  only  occasionally  filled 
by  piiuiping  in  water  from  the  citv  supply.  Somelimes  the  water  was 
the  color  of  ten.  During  a  single  week  four  meniWw  of  one  family 
and  three  of  the  other  were  stricken  with  a  typhoid-like  fe\'er.  The 
two  families  had  no  social  intercourse  with  each  otlier- 

SymjAumuiologtj.—li  is  a  significant  fact  that  many  of  the  reported 
cases  of  paratyphoid  infection  were  considered  to  be  genuine  typhoid 
fever  without  the  (jruber-Widal  reaction  until  a  bacteriolc^ical  study 
revealed  their  tnie  nature. 

Intestinal  hemorrhages,  furunculnsis,  initial  bronchitis,  cystitis, 
pyeIonephrili.s(?),  pundent  arthritis,  hmnt-hopncunioniH,  and  venous 
thrombosis  have  been  reported  as  compUcations.  Osteomyelitis  is  the 
only  recorded  sc<iuel. 

'Hie  duration  of  the  disease  has  varied  from  twelve  to  eighty-four 
days,  with  a  majority  of  the  cases  continuing  between  twenty  and 
thirty-six  days.  Some  of  the  cases  have  l>een  of  short  duration,  lasting 
from  twelve  to  eighteen  days. 

The  Serum  Reaction  in  Cases  of  Paratyphoid  Infedioti. — Since  the 
introiluction  of  serum  reactions  as  a  means  of  diagnosis,  it  has  been 
a  well- recognized  fact  that  a  small  proportion  of  cases  which  are  clinic- 
ally tj-phoid  fever  fail  to  gi^e  tlie  reaclion.  Brill,  adding  to  Cabot's 
slalislici,  (inils  that  nf  4S79  cases  tTJ^l.  nr  07.9  per  cent.,  gave  the  teac- 
lion.  Gwyn  gives  90.0  per  cent,  ils  the  [H'rcentage  of  positive  reactions 
ill  the  Johns  Ilopkins  Hospital.  On  the  contrarj',  in  most  tif  the  reported 
cases  of  paratyphoid  infection  a  reaction,  except  with  low  dilutions, 
against  the  bacillus  typhosus  has  Ijeen  absent.  It  is  probable,  then, 
that  some  at  least  of  the  tj-jihoid  cases  with  negative  reaction  were 
really  paratyphoid  infection. 

On  the  other  hand,  it  cannot  lie  as-sumed  that  all  cases  clinically 
typhoid  fever,  which  have  been  n'portcti  as  giving  the  (inilier-Widal 
reaction,  were  cases  of  genuine  f^-iilioid  infection.  The  brilliant  work 
of  Dtiiiliani  on  the  tvplioit!-i>ohtii  group  of  Imrilli  aiwl  its  sen  nil  reac- 
tions has  brought  out  the  fact  that  certain  mendiers  of  this  group  may 
be  nmtuftlly  intemcted  upon  by  .sera  of  infected  patients  and  of 
inununixeii  animals.  This  is  especially  true  of  sera  in  low  dilution. 
Since  in  the  earlier  years  of  the  Grulx'r-VVi<hd  reaction  the  technique 
had  not  been  workeil  out,  and  dihittons  were  more  frequently  low  thaa 
not,  some  of  the  rases  reported  as  typhoid  fever  may  have  been  infec- 
tions witli  paratyphoid  bacilli. 
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DioffnotU. — The  onlv  reliable  criteria  for  diapiosis  are  aluence  of 
the  GrubMT-Widal  iractioii  in  proper  ililiition  fjioi  less  limn  1:40)  with 
A  positive  reaction  a^inst  ii  known  paratyplioid  liiK-illiis  ur  tl>e 
recovery  of  a  purntyphuid  bacillus  from  the  blood,  urine,  or  compli- 
cuttng  inflaniinatorv  pnx-ess. 

TIte  clinical  type  of  the  disease  is  of  little  value  in  a  single  cose.  It 
has  already  been  stated  that  ttie  reported  cases  of  paratyphoid  infertion 
have  been  both  mild  and  severe. 

The  cases  of  paratyphoid  infection  are  too  few  to  state  what  the 
prognosis  should  l>e.  It  ran  only  be  said  that  the  majorily  of  the  oases 
nave  been  mild,  ihongli  there  have  l*een  alwut  9  per  cent,  of  deaths 
among  the  cases  reported. 

F.PiUKMic  Meat-poisonino  Type. — Giirtner  announoetl  his  dis- 
covery of  bacillus  enleritidis  as  the  cause  of  epidemic  meat  poisoning 
in  1888.  A  cow  sick  lor  two  days  with  profuse  diarrhoea  had  l>een 
slaughtered  in  Saxony  and  the  meat  sold  for  foo<l.  Of  the  persfjns  who 
ate  of  the  meat  57  became  ill,  and  1  died.  Giirtner  recovered  the 
bacillus  from  the  meat  and  from  the  organs  in  the  fatal  case. 

Prpvion.s  to  (Jartner's  discoven-  the  cause  of  meat  poisoning  had 
been  held  to  l>e  hacteriid  prothiets,  and  while  this  may  still  be  tnie  in 
certain  instancies  there  Ls  no  .satisfnelory  evidence  tn  support  the  con- 
lenlion.  .Ml  cases  in  which  a  thorough  bacteriological  exauiinatioii  has 
not  been  made  must  be  etchidetl. 

Two  kinds  o(  bacilli  are  conwrned  in  the  production  of  meat  jjoi-son- 
ing:  1.  Anaerobic  bacillus  botultnus  of  Van  Krniinghem,  a  saprophyte. 
2.  Bacillus  enteritidis  of  Gartner,  including  the  dillerent  stratus  of 
this  organbm. 

(Jf  these  bacilli,  bacillus  enteritidis  is  the  more  important,  ha\ing 
been  concerned  in  the  greater  nnnilier  of  epiflemics,  anrl  causing  true 
meat  ]Kiisuning.  It  seems  advisable,  tiowever,  to  sjiy  a  few  woHs,  by 
way  of  distinction,  on  infection  by  ImciUus  twtulinus. 

"Hotulism,"  "allantiasis,"  and  "sausage  poisoning"  are  the  naines 
given  to  infection  by  Iwcillus  botulirus.  The  infection  of  the  meat 
takes  place  after  the  animal  has  been  slaughtered.  The  meat  is  of 
unsound  appearance  and  odor  and  can  readUy  be  seen  to  be  unBt 
for  food. 

'ihe  symptoms  begin  from  twelve  to  twenty-four  hours  after  inges- 
tion of  the  meat,  with  repeatwl  attacks  of  vomiting  and  abdominal 
pain.  Soon  the  chiimcterislic  symptoms  apjx'ar:  partial  or  complete 
paralysis  of  the  inner  and  outer  recti  nnisdrs  of  the  eye,  and  disturh- 
Aoces  of  tlw  inner\'ation  of  the  pharynx  and  larynx.  These  are  niani- 
fested  by  imperfect  vision,  difficulty  of  sjieech  and  deglutition,  and 
•Iryness  of  the  throat.  There  arc  no  disturbances  of  sensation  or 
impairment  of  consciousness  and  the  disease  runs  its  course  without 
fever.  Cunslipuliou  and  retention  of  urine  follow;  dyspna*a  and  car- 
diac failure  appear,  and  bulbar  paralysis  may  supen'cne.  causing  death. 
In  earlier  years  the  mortality  from  sausage  poisoning  was  from  30  per 
4vnt.  to  50  per  cent.,  but  this  has  been  much  reduced  tluY>ugh  a  better 
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under^itanding  of  the  disease.  It  may  be  prevented  by  thoroughly 
ctmking  the  meat  and  by  refusing  to  accept  from  the  butcher  meat 
that  is  tfie  least  tainted. 

True  Meat  Poisoning. — This  form  o(  meat  poisoning  is  due  to  bnnllns 
enteritidi.s,  and  in  every  instance  the  animal  is  diseased  at  the  time  of 
the  slaughter.  It  may  l>e  conlraeted  by  eating  sausage,  sinct^  the  meat 
of  diseased  anitnids  is  sometimes  surreptitiously  put  on  the  market 
in  the  form  of  sausage. 

Dunham  makes  bacillus  enteritidi<(  the  chief  type  of  the  intermediates 
and  proposes  the  name  "the  enteritidis  group."  Buxton  classes  the 
bacillus  with  the  paracolons.  It  does  nut  ferment  lactose;  milk  becomes 
more  alkaline;  it  ferments  dextrose  with  n  prorluction  of  gas  containing 
about  one-third  COj,  two-thirds  II,  and  it  also  ferments  mannite» 
maltose,  and  dextrin. 

Bacillus  enteritidis  is  pathogenic  for  cows,  horses,  pigs,  goats,  mice, 
and  guinea-pigs,  hut  not  for  dogs  and  cats. 

Tfw  Infected  Meat. — In  many  epidemics  liacillus  enteritidis  has  lK.*en 
bolated,  not  only  from  the  organs  of  fatal  cases,  but  from  the  suspected 
meat.  The  meat  does  not  difTer  in  appearance  or  taste  from  that  of 
healthy  animals.  It  has  alrearly  l>pen  stated  that  it  may  be  made  into 
sausages,  and  one  epidemic  at  least  has  been  caused  by  eating  "dried 
meal"  consisting  of  targe  pieces  of  the  flesh  nf  sliecp  and  goals  tienrly 
dried  in  the  sun  and  eaten  cooked  or  merely  softened  by  soaking. 
Cooking  does  not  always  destroy  the  bacilli,  as  the  thermal  death 
pi)int  may  not  tw  reached  in  the  interior  of  the  meat.  Tnfectc*!  meat 
wluch  is  not  eaten  immediately  after  it  has  lieen  cooked  is  especially 
dnngcrous. 

The  meat  has  always  come  from  animals  sick  at  the  time  of  slaugh- 
ter. The  meat  of  cows  and  calves  have  most  often  caused  the  epi- 
demics, though  that  of  horse.s,  pigs,  ami  goats  have  also  been  respon- 
sible. Dunharii  says  that  no  known  case  has  come  from  inulton,  and 
that  the  pig  has  been  implicated  in  only  one  outbreak  which  has  been 
studied  bacteriological ly.  In  this  coiuiectiou  it  is  iuleivsling  to  recall 
that  Theobald  Smith  has  insisted  on  the  similarity  between  the  hog- 
cbolera  bflcillus  and  bacillus  enteritidis. 

The  animals  from  wliicli  the  infected  meat  has  come  have  suffered 
during  life  from  puerperal  fever  and  uterine  inflammations,  navel 
infection  in  calves,  scptictemia,  septicopyiemla,  diarrhoea,  and  local 
suppurations,  and  have  not  infrequently  been  killed  because  of  their 
unsound  condition.    How  animals  become  infected  is  not  kno«Ti. 

Dunham  ttitnks  milk  may  be  a  sonrcf^  of  infection  in  man,  but 
states  that  bacteriological  evidence  of  it  is  incomplete.  Bacillus 
enteritidis  ha.s  been  found,  however,  in  the  milk  of  infected  guinea-pigs 
(Basenau). 

Tnmamission  to  Man. — Tlic  disease  may  be  transmitted  to  man  in 
two  ways:  (1)  by  eating  the  infected  meat,  and  this  is  by  far  tl»e  most 
common  means,  and  (2)  from  man  to  man  according  to  Giirtner,  Van 
Ermingbem,  and  Fischer.    Dunham  found  inconclusive  evidence  of  thia 
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caeans  of  transmission  in  one  epidemic.  Fischer  thinks  transmission 
may  take  place  through  tlie  excreta,  it  will  sub.sei[uently  be  seen  thai 
psittacosis  may  be  transmitleil  from  man  (o  man. 

Kpiilemics  of  meat  poisoning  may  occur  in  any  season,  but  are  more 
frequent  during  the  warm  months. 

St/mptoviaiohffy. —While  the  characteristic  symptoms  of  sausage 
]M»i3oning  relate  to  the  ntr^-ous  system,  in  true  meat  poisoning  tliey 
are  gastnuntestinal.  Fischer  <livi<ies  meat  poisoning  into  three  clinical 
forms:    (1)  typhoidal;  (2)  choleraic;  {'i)  gastroenteric. 

Preveiiiion. — Since  neither  appearance  nor  taste  affords  any  clue 
to  the  noxious  quality  of  the  infected  meat,  its  unfitness  for  food  can 
only  be  told  througli  baeterlohigicul  exainiimtion  or  a  knowle*lge  of  its 
source.  Dunham  states  that  thorough  cooking  will  kill  the  bacilli, 
but  it  must  be  remembered  that  iu  this  process  the  thermal  deatli  point 
of  the  bacilli  may  not  be  reached  in  the  innermost  portions  of  the  meat. 

Bacillus  Fsecalis  Alcallgenus. 

This  bacillus  resembles  a  colon  bacilus  which  has  lost  its  power  to 
ferment  sugars.  Morp  ho  logically  it  resembles  the  tvphoid  bacillus.  It  is 
frequently  present  in  the  intestines  and  may  have  pathogenic  properties. 


The  Dysentery  Bacillus— The  Paradysentery  Bacilli 
Fermenting  Types). 
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Dysenterj'  may  l>e  divided  into  acute  auti  chronic.  Ania'ba.'  appear 
to  be  the  chief  exciting  factor  in  most  cjuses  of  chronic  dysentery,  though 
bacilli  of  the  colon  group  also  piny  a  part. 

In  temperate  climates  acute  lij-senterj'  is  but  very  rarely  due  to 
amncbK,  but  usually  to  the  hacilH  identified  by  Shiga  or  to  allied 
bacilli  identified  by  Kni.se,  Hc\ner,  and  Park.  Fly  dysentery  we  mean 
A  dehnite  symptom  eoniplt^x;  it  Is  not  an  etiological  tenn.  In  acute 
dysentery  the  onset  is  sudden  and  ushered  in  by  cramps,  diarrhtea, 
and  tenesmus.  The  stools  at  first  feculent,  tlieo  seromucous,  become 
bloody  or  composed  of  cotfee-ground  sediment.  At  the  height  of  the 
disease  there  are  ten  to  fifty  stools  in  the  twenty-four  hours.  After 
two  to  seven  days  the  blocxl  usually  disappears.  In  temperate  climates 
the  mortally  varies  from  5  to  20  per  cent. 

In  severe  cases  in  adults  the  lesions  are  of  a  diphtheritic  diaracter 
and  may  be  verj*  marked.  In  young  children,  even  in  fatal  cases,  tlte 
lesions  may  be  more  superficial.  The  following  macroscopic  and 
microscopic  report  of  the  inte.<;tinal  findings  on  a  fatal  case  of  bacillary 
dj'sentery  in  an  infant  is  a  typical  picture: 

Smail  Inteetines. — Sh'ghtly  distended.  IVfesenteric  glands  large  and 
reih 

Large  Intestines.— Oiit^r  surface  vessels  congested  and  prominent. 
On  section  covered  with  a  vellowish  mucus.    Mucous  membrane  seems 
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to  be  absent  in  places.  Solitary  follicles  are  elevated  and  enlarged, 
especially  iti  iJie  region  of  sigmoid  Hexure.  In  some  instances  tite 
centre  of  llic  follicles  are  dejipessed  and  a]»i»ear  tn  fie  nwrotlr. 

Appendix. — On  section  lymphatic  follicles  are  swollen  with  depressed 
centit'S  similar  tu  the  couditloii  descriliod  iti  the  large  intestines. 

Sniaii  IntestiriKi. — Peyer's  patches  are  distinctly  swollen,  but  in  no 
instance  is  there  ulceration  or  necrosis. 

{.arye  Intestine. — Mucous  glands  are  for  tlie  mwrt  part  nonnal,  hut 
over  the  solitary  follicles  they  have  broken  dnwn  somewhat  and  con- 
tain polynuelear  Icukopytes.  The  intergluiidular  stroma  in  these  places 
has  undergone  necrosis.  The  neiTi>tic  area  extends  dowfi  into  the 
submueosa  in  the  region  of  the  soHlarj'  follicles.  The  capillaries  of 
the  solitary  follicles  are  uitieh  dilated  and  congested.  'Hie  subniucosa 
is  thickened  and  slightly  a"demutou3.  The  connective-tissue  cells  appear 
to  have  undergone  a  slight  hyaline  degeneration.  The  musculature  is 
not  affected,  neither  is  the  peritoneal  ci>at. 

Small  Iitleitlines. — Normal. 

HiBtorical  Kotos.— In  IS97  Shiga  found  in  the  stools  of  cases  of 
dysentery  a  bacillus  which  had  not  been  liefore  identified,  litis 
bacillus  had  many  of  the  cliaracteristics  of  the  colon  bacillus,  but  dif- 
fere<l  from  it,  lacking  iiuitilily  and  failing  to  pnMhiee  gas  fnim  the 
fermentatifui  of  sugar.  It  also  was  entirely  distinct  in  its  agglutination 
characteristics  and  in  its  pathogenic  properties.  Shiga  found  this 
bacillus  present  in  all  the  cases  of  epidemic  dysentery  that  he  exam- 
ined. It  was  inoist  abundant  during  the  height  of  the  dUcase  and  dis- 
apj)eared  with  the  return  of  fecal  stools.  It  was  not  found  in  the  stools 
of  healthy  persons.  He  fouD<l  that  tlie  blood  of  dysenteric  patients 
contained  substance.s  wliich  agglutinated  the  bacilli  that  he  had 
is«)lated.  The  senim  from  healthy  imiiviihials  did  not  ngghitinalc  tlie 
bacilli  to  any  such  degree  as  the  serum  from  those  sick  with  dx-sentery. 
AVIirn  th*'  mucous  membmne  of  the  colon  was  examined  in  fatal  cases 
flying  in  the  height  of  the  disease,  the  bacilli  were  found  in  the  super- 
ficial layers  in  almost  pure  cultures.  In  his  fmnds  a  sennn  pro<hic^l 
by  immunizing  horses  tlinjiigh  injections  of  dysenlerj'  bacilli  gavr 
beneficial  results  when  used  in  the  treatment  of  those  ill  with  the 
disease.  A  criminal  fed  with  a  culture  of  (he  bacillus  develo{)ed 
typical  dysentery.  Certain  unimals,  such  as  dogs,  when  subjected  to 
treatment  which  made  them  more  susceplibie,  were  attackef!  with 
dysentery  after  feeding  on  cultures.  Tliis  was  fairly  similar  to  that 
in  man. 

Morphological  and  Oultorsl  Characteristics  of  Dysentery  Bacilli.  Micro- 
scopic—Similar  to  bacilli  of  the  colon  group. 

Staining. — Similax  to  bacilli  of  the  colon  group. 

MoTiLiTV. — No  definite  motility  has  been  ohserved.  The  molecular 
movement  is  very  active. 

[''lageu.a. — True  tiagella  have  not  been  observed  by  most  examiners. 
On  a  very  few  Uicilti  in  siiitabk-  smears  Goodwin  demonstrated  terminal 
flagella.    SjMjres  are  not  formed. 
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Appearance  or  CfLxi'HEfi. — On  gelatm  tbe  eolonies  uppeur  more 
like  the  Irphoul  tliun  the  colon  liarilU.  <ti*latiti  is  not  lifjiu'fiet).  On 
agar  ^ruwlh  \s  soiiiewlial  more  deliciLlt;  than  tiK-  average  cotiin  cultures. 

On  Potato. — A  <|plicate  growth  just  visible  or  distinctly  brownish. 

In  houiiion. — Diffuse  cloudiness  with  sHght  deposit  and  sometimes 
a  pellicle.    Indol  not  produced  or  in  a  trace  only. 

In  glucofc  bojiiilon  no  production  of  acid  or  gas. 

I^euiral  red  agar  is  not  blanched. 

In  Litmits  Milk. — After  twenty-four  to  forty-eight  hours  this  becomes 
a  pale  lilac.  I-Jiter,  three  to  eight  days,  there  in  m  return  to  the  original 
pale  blue  color.    The  milk  is  not  otherwise  altered  in  appearance. 

Animal  Tests.— No  characteristic  lesions  have  followed  swallowing 
large  tjuuntities  of  bacilli.  Dogs  at  times  liave  had  diarrhcea  with  slimy 
stoob,  but  section  showed  merely  a  hj-perajmia  of  the  small  intestine. 

no.  K  na  117 
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Many  animals  are  very  sensitive  to  bacilli  injectetl  in  vein  or  peri- 
toneum; 0.1  mg.  of  ngur  culture  injectetl  inlravenoTisly  prwhiced 
diarrho-a,  paral>'sis,  and  death;  0.2  mg.  under  the  skin  have  killed,  and 
tbe  same  amount  in  the  peritoneum  has  t*au9e<l  bloody  |>eritoniti.s,  with 
lowered  icmpernture  and  diarrha^a.  Both  small  and  large  animals  are 
very  sensitive  («  killed  cultnrcs. 

The  automy  of  animals  dying  quickly  from  injection  into  the  peri- 
toneum of  living  or  dead  bacilli  shows  the  )>eri1onetink  to  lie  hyper^ 
armic,  the  cavity  monr  or  less  filled  with  serous  or  bloody  serous  exudate. 
The  liver  is  frequently  covered  with  fibrinous  masses.  The  spleen 
is  mwJerately  or  not  at  all  swolleti.  The  small  intestine  is  filled  with 
fluid,  the  large  intestine  is  mually  empty.  The  mucous  menibrane  (if 
both  is  h}'persemic  and  sometimes  contains  hemorrhages.  Conradi 
found  ulcer  formation  in  one  case. 

Subcutaneous  inje<'tions  of  dead  or  living  cultures  are  followe«l  by 
infiltration  of  tissues  and  frequently  by  abscess  formation.  Tbe 
dysentery  bacilli  produce  both  extracellular  and  cellular  toxins,  the 
latter  being  the  most  abundant.     The  elimination  of  these  toxins  from 
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the  body  is  supposed  to  take  place  tliroujth  the  intestines,  and  tliis 
give.s  rise  to  the  intesliDal  lesions  in  animals  injected  intravenously  or 
intra  peri  toneally.  The  dysentery  bacilli  are  not  found  in  the  blood 
or  orf^ns  of  animals.  H 

Paradysentery  Bacilli  as  Exciters  of  Dysentery. — In  1900  Flexner  and  H 
Strong,  when  in  the  Philippine  Islands,  isolated  bacilli  from  <]ysen- 
teric  stools  whicli  were  identical  with  the  Sluga  cultures.  At  first  all 
the  cultures  were  supposed  to  be  of  the  Shi'pi  type,  but  later  among 
those  isolated  bacilli  were  found,  winch  cJilTerfd  from  Shiga's  in 
many  characteristics.  In  the  same  year  Kruse,  in  Germany,  obtained 
from  d^'scntcric  cases  in  an  asylum  baciSli  which  appeared  to  him  to 
be  culturally  Uke  those  isolated  by  Shiga,  but  to  diifer  in  their  a^rglu- 
tinating  charnctcristics.  These,  like  those  isolated  by  Ftexner,  were 
later  found  to  differ  in  many  charucferistics.  In  1902  Duval  and  Has- 
sett,  in  Haltimore,  thought  they  had  found  the  Sliiga  bacilli  in  the  stools 
of  a  number  of  cases  of  summer  diarrhuea.  These  later  pro^-ed  to  be 
identical  with  some  of  the  bacilli  isolated  by  Flexner  in  Manila. 
Duruij^  the  same  summer  Park  and  Dunham  isolated  a  bacillus  from  a 
severe  case  of  dyscntcrir-  occurring  during  an  epidemic  at  Seal  Harbor, 
Mt.  Desert.  Maine,  which  they  showed  to  diifer  from  the  Shiga  bacillus 
in  that  it  produced  indol  in  peptone  solution  and  differed  in  agglutin- 
ating characteristics.'  They  at  first  considered  it  identical  with  the 
Philippine  culture  given  them  by  Flexner,  but  in  January,  1903,  it 
was  shown  by  Park  to  be  a  distinct  variety,  and  later  found  by  him 
to  be  tlie  exciting  factor  in  n  large  numljer  of  cases. 

Martini  and  Lentz'  published  the  results  of  their  work  in  Decern- 1 
ber,  1902.  They  showed  that  the  Shiga  tj-pe  of  bacilli  obtained  from 
several  separate  epidemics  Jn  Euru|M:  agreed  with  the  original  Shiga 
culture  in  that  it  did  not  fennent  mannite.  The  cultures  of  tlus 
type  agreed  with  each  other  in  a^Iutinating  characteristics.  When 
the  bacilli  from  FIe.xner,  Strong,  Kruse,  Park,  Duval  and  others, 
which  differed  from  the  Shiga  culture  in  their  agglutinins,  were  tested 
they  were  all  found  to  ferment  mannite.  Martini  and  I-^entz  con.sidered 
that  the  Shiga  bacillus  was  the  true  dy.sentrry  type  and  that  the  man- 
nite fermenting  variety  or  varieties  might  be  mere  saprophytes,  or 
perhaps  be  a  factor  in  the  loss  characteristic  cases. 

In  January,  1903,  Hiss'  and  Russell,  in(le[>endendy  of  others,  showed 
that  a  bacillus  isolnted  by  them  from  a  dysenteric  stool  differed  from 
Shiga's  bacillus  in  the  same  characteristics  as  mentioned  by  Martini 
and  Lentx.  ^ 

At  the  beginning  of  the  summer  of  1903,  therefore,  it  was  established,  H 
although  nut  fully  recognized,  that  tliei*  were  in  dywnteric  stools  at  " 
least  two  distinct  types  of  baciili,  the  tnie  Shiga  tj-pe  and  the  tvpe  fer- 
menting mannite  and  producing  iiidol.     ll  hud  also  lieen  establislied 
that  the  second  ty]>e  contained  more  than  one  variety. 

I  N«w  York  ViilTtnllr  Bultpiln  r.f  Uia  Modioli  ScUdow,  Ootolwr.  IDuft.  p.  m, 
•  ZallMhrtftf.  UrcWiK^u.  inrcL-iionikniik  .  IKO.  xb.,  MO  and  AW 
<  Hi>rti.Mi  Kmri.  IKS,  Ixxxii..  -JM. 
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The  German  observers  considered  the  Shiga  type  as  the  only  one 
'which  had  established  its  eausal  relation  to  acute  dysentery,  wbile  the 
^American  observers  generally  considered  both  types  to  have  equal 
standing  and  some'  of  them  considered  these  differences  as  not  impor- 
tant and  perhaps  not  permanent.    This  latter  opinion  seems  to  have 

in  held  by  Shiga.' 

We  took  up  the  investigation  at  this  point  with  the  object  of  cnre- 
fully  studying  the  bacilli  isolated  by  us  from  acute  dysentery,  which 
occurred  in  a  number  of  widely  separated  epidemics.  We  hoped  thus 
to  determine  whether  the  bacilli  exciting  acute  dysentery  in  the  Eastern 
States  belonged  to  a  few  distinct  types  or  were  divided  into  a  large 
number  of  varieties- 

tu  the  most  extensive  epidemic  that  has  recently  occurred  in 
the  region  of  New  York  City  there  were  in  all  some  500  cases 
of  acute  typical  dyseaterv-.  Whole  families  were  attacked  with  the 
disease. 

The  majority  of  the  cases  were  of  moderate  severity,  the  dysenteric 
discharges  lasting  from  one  to  two  weeks.  There  were  a  number  of 
light  cases,  but  all  had  dysenteric  stools  containing  mucus  and  blood. 
The  mortality  was  about  6  per  cent.  Judging  from  the  cases  investi- 
gated by  us,  over  one-half  of  those  attacked  seem  to  have  been  infected 
by  the  Shiga  type,  and  these  were,  as  a  rule,  the  most  severe  cases. 
Most  of  the  cases  in  two  severe,  though  localized,  epidemics  in  a  Penn- 
sylvania town  and  at  Sheepshead  Bay  were  also  due  to  this  type.  The 
mortality  was  higher  in  these  epidemics.  The  facts  published  abroad 
also  indicate  that  this  variety  has  been  foimd  in  the  chief  epidemics  in 
Europe  and  .-Vsia.  The  bacilli  isolated  in  the  severe  epidemic  of  dysentery 
reported  by  Vedder  and  Duval  (at  New  Haven,  Conn.)  were  chiefly  of 
thw  type.  We  have  never  yet  succeeded  in  isolating  bacilli  which  had 
all  the  characteristics  of  the  Shiga  variety  from  any  diarrhoea  cases  in 
which  no  dysenteric  symptoms  appeared. 

We  turn  now  to  the  mannite  fennenting  varieties,  whose  relationship 
to  dyseuterj*  is  still  doubted  by  some. 

The  cultures  isolated  by  us  from  over  40  cases  were  found  to  fall 
trgely  into  two  distinct  types,  one  of  which  differs  from  the  Shig* 
bacillus  more  radically  than  the  other. 

The  variety  nearer  to  the  Shiga  bacillus  has  the  characteristics  of 
the  culture,  which  was  isolated  by  us  at  Seal  Harbor,  Maine,  in 
August,  1902.  The  other  variety  is  represented  by  the  Flexner 
Philippine  ty\*e. 

The  first  ^pe  differs  from  the  Shiga  bacillus  in  Its  agglutinating 
characteristics  and  in  thsit  it  ])roduces  considerable  indol  in  peptone 
solution  and  fennenls  maniiite  with  the  prfiduction  of  acids.  The 
second  type  differs  in  these  points  and  in  addition  that  in  its  aggluti- 
nating cIuLracteristics  ferments  .saccliarose  and  chemically  pure  tmltose 
in  peptone  solution. 

<  Onlremir  of  PraoRjrlvBDlK  Bf«(ll«i1  BuUMto.  July  uid  Augurt,  ISCS. 
*  ZaItKhfin  t  Ursleiie  u.  Inflectlotitkratik.,  IMS.  zH..  SM. 
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Besides  the  epidemic  at  Seal  Mnrhor,  niinierous  cases  of  mmlentejy 
severe  or  slight  i^ysenttry  due  to  the  first  type  were  met  with  in  the 
extensive  epidemic  which  has  been  already  alluded  to  iu  the  towns 
north  of  New  York  City.  A  few  chanicteristics  in  many  slightly 
developed  cases  of  dysentery  in  New  York  (?ity  during  the  past  two 
aummers  were  caused  by  this  type  of  bacillus.  A  great  many  cases 
are  also  due  to  the  Philippine  tj*pe.  A  numl*r  of  rather  severe  caws 
of  dysentery  develo|>fKl  in  Oranj^,  X.  J.  Cultures  from  two  cases  were 
made,  and  this  tyfH>  alone  obtained.  The  following  is  a  typleal  case. 
Eighteen  out  of  thirty  colonies,  selected  from  ihe  plates,  when  tested 
proved  to  be  dysentery  bacilli  of  the  Philippine  tyiK-. 

Dorothy  D..  ageil  two  yeura  and  three  months.  Seen  first  July  20th. 
a  day  after  the  child  had  eaten  green  apples.  Previous  to  this  the 
child  had  had  an  attack  of  vomiting  and  diarrha>a,  the  sickness  lasting 
two  weeks;  the  diarrhcca  had  subsided  only  two  days  before  present 
illness.  No  blood  was  seen  during  this  first  attack.  When  first  seen, 
the  child  had  a  temperature  of  104. G°,  witli  vomiting  and  tliarrlxra. 
After  a  calomel  purge  the  patient  was  better;  the  following  day,  how- 
ever, the  diarrhoea  started  up  again  and  the  temperature  rose.  The 
stools  were  nuirierous,  small,  containing  mucus  and  blood,  preceded 
by  pain  and  accompanied  by  tenesmus.  Many  of  the  stools  consisted 
of  nothing  but  blond  luid  mucus.  Sixteen  movements  were  the  greatest 
numl>er  recorded  in  a  day.  On  August  2d  ten  cubic  centimetres  of 
dysenteric  serum  were  injected.  There  seemed  to  be  some  improvement 
in  the  character  of  the  stools  following  the  jnieetion.  On  August  4th 
and  Gtb  the  injections  were  repeated,  l>eing  fullowetl  each  time,  appar- 
ently, by  some  improvement  in  the  child's  condition.  The  blow!  dis- 
appeared in  eight  or  nine  days,  and  the  child  had  then  five  movements 
daily,  consisting  largely  of  mucus. 

At  Riker's  Island  a  number  of  men  were  filling  in  new  land.  Dj-sen- 
tery  broke  out  and  spread  to  a  number  of  the  men,  as  well  as  to  the 
physician  in  charge.  Those  infected  had  usually  a  short,  sharp  attack 
with  a  quick  recovery.  Very  large  amounts  of  blood  were  passed  by 
some  of  the  sick. 

In  some  a  large  proportion  of  the  bacteria  isolate<l  were  bacilli  of 
the  Philippine  type.  No  other  tj-pe  of  dysentery  bacilli  was  found  in 
any  of  tlie  ca.ses  in  thLs  ej)idemic. 

Charlton  ami  Jehle  re|K)rt  a  series  of  cases  occurring  in  St.  Ann's 
Hospital,  Vienna,  in  which  mannite  fermenting  types  were  the  only 
dysenteric-like  organisms  present.  The  cases  on  the  average  mn  a 
much  milder  course  than  those  in  which  the  true  dysentery  bacilli  were 
present. 

When  the  agglutinating  characteristics  of  these  l>acilli  and  their 
susceptibility  to  immune  sera  are  studied  carefully,  we  find  that  each 
of  the  three  types  differs  fmin  Ihe  others.  The  mannite  ami  the 
maltose  types,  since  in  animals  they  stimulate  abundant  common 
Bggluttnius  and  immune  bodies,  seem  more  closely  allied  to  each  otlier 
th&n  to  the  Shiga  type. 
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This  is  se«n  in  the  following  tables,  in  which  bacilli  from  a  number 
of  cases  obtained  from  different  sources  are  tested  in  sera  from  animals 
which  have  each  received  a  single  type  uf  dysentery*  bacilhis: 

TaBLS  h^Asptulinatiim  of  hneiUi  btUmging  <o  tht  thrtt  tyjx*  in  (A/  aa-um  of  a  younjr  Qooi 
injtetfd  trilh  the  bacillu*  uolated  f>tf  Shig(L,  in  Japaiu 

DUudoas  of  Sorauiu 


•onro*. 

1:30 

1:90 

1:100 

1:900 

1:500 

1;SD00 

1:6000 

Tjps  L    Shlfs. 

1.  OrlcliMl,  Japto— Shlgft, 

4+ 

+-^ 

4  + 

++ 

++ 

++ 

4 

2.  K«w  nftvsn— DurKl, 

f  + 

++ 

44 

++ 

44 

+  4 

4 

».  TuckatM*— C«r«]F, 

+  ) 

+  + 

44 

++ 

+  4 

41 

t 

i.  Omey  hlitnil-CDilfu, 

+-^ 

+  + 

4+ 

+4 

4  + 

44 

4 

».  Mt  V«moD,  Cmte  I.-C«Illiij, 

+* 

++ 

4+ 

4+ 

++ 

+  1 

4 

*. U- 

++ 

++ 

44 

4+ 

44 

44 

* 

T. III. 

++ 

++ 

4* 

+  t- 

4  + 

4 

K 

tn^v. 

B.  OrtchMi.  HU  D«rrt-park. 

+  1 

+  1 

1 

— 

— 

».  »•«•  York  Cllr— ttWxlTrln. 

+  ( 

+  1 

1 

— 

— 

lA.  HapdKl.N'cwYork-CotllDa, 

+  1 

+  1 

1 

— 

— 

IL  rmnwiiifig  i]<«piui-UiM, 

+  1 

+  ( 

1 

— 

— 

13.  ML  Vanum,  Cm*  t.-OoDlna, 

+  ] 

1 

— 

— 

tL    "                     "  It 

++ 

+  1 

— 

— 

— 

TTP«m. 

II.  Orlstnal.  HauIU— Ftoxoar, 

+ 

■f 

+ 

k 

_ 

la.  BalUinorv-Lmni. 

+  1 

+  1 

+ 

± 

— 

in.  Xew  York  Clty-Wwll»l.slii. 

++ 

+ 

* 

1 

— 

17.  Orange— (Ullna, 

+ 

■*■ 

* 

— 

IS.  BJkeft  talaud—GwMlwtu. 

+  + 

4-i- 

■• 

1 

— 

thmmramor  ibu  goal  htton  tn>octbin  did  not  aRlntlnaM  any  of  the  aboro  bvolllt  In  1 :  10  dltaUoii. 
44  V  ootupletenacUou.  ■»  —  food  wWlw.  |  —  allgbt  icaeUoa. 

+  I  M  Tei7  good  reaction.  *  ■*  Mr  nnctlon.  — =  no  raa«Uon. 

Tablk  1  r — SA^ttring  agyfutittalim  of  mtmbert  9f  thrtt  fype$  in  the  Mntm  of  anlmalt  ii^ect*d 

vilh  kiuilli  uf  Type  II. 


Ooal  LQJMIM  with  Hq.  4. 


Rabbit  it>}«cted  with  No.  C 


•our«. 

1:30 

1  ;» 

1:  100 

1;SW 

1:1000 

1  :» 

1;W 

1:100 

1:5(10 

l:Si 

tfvti     SblRa. 

I   jarnti— sblga. 

%  Xrir  Hatao— IMiral, 

t.  Tnchabna— Oai«)>, 

4 

4- 

.^^ 



= 

I 

\ 
1 
1 

= 

,_ 

— 

— 

Trp»" 

t  lit.  t><«en-?ark, 
%.  Ut  Vamno— Cottlna, 
t.  K*w  VoTk-aaa. 

+4 
4-»- 

++ 
4+ 

4+ 
++ 
++ 

44 
44 
++ 

44 
44 
4+ 

+  4 
44 
44 

4+ 
++ 
44 

4t- 

44 
44 

4 
4 
4 

1 

+ 

Type  III. 

T,  Manllj^-Flffxner, 
ft.  BklUBotv— Duval, 
IL  Blkd'a-Ogodwln, 

44 
4+ 
44 

44 
44 
4t 

4 
4 
4 

I 

E 

•^4 
44 
44 

4+ 
44 

44 

♦  4 
+  4 
44 

-_ 

E 

TlM  aanuB  of  Uta  above  anlBwIt  pnvlona  to  tnuaualBUton  did  not  aiglullnate  any  of  tba  above 
bttdUl  la  a  1 :  20  dllaUon. 
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Taslk  III, — Sltouing  agglutinaliona  of  member*  t^tltref  li/pe«  in  tA«  •ntim  »f  ani'iNof* 
M^Mtod  with  hveiUi  ^  Type  III. 

Rabbit  liiJecMI  with  BatUiwow.  Puvml 
To  50 


tytml. 

I.  Aptn— siUfs.  &iKl  5  other  caltum^    ++ 
Trim  n. 

i.  Mt.I>Mcn— F»k,&i)d&ot)»rcullui«.-t"V 
Tjrpdiii. 

UftDlIk— rinxDBr,  and  A  other  cuttura,  +•*- 


■*■  + 


+  + 


100 


++ 


soo 


1000       sow     10.000 


++     ++ 


PravUMH  to  Immunlmtlau  ttte  Mrom  in'oUnalwl  Ui«  bartltl  of  Typ*  III. In]  :S» dilution,  tut 
DDD«  of  tbo  olhvn  viva  In  1:10.  This  ta  oi>*  o(  Um  ftw  anloiab  la  whlob  anlatinlra  taiTrpmt- 
'dcf«lop«d  tbrangb  tli«lD)wtlonsof  tadlUorUwothM  tn>«>- 

TabLB  IV. — SluMiiig  hovi  Tgjte  III.  u  mtable  to  dwcrb  tiu.  u^iiiiniiu  pniduetd  tktwiyk 
injtdtJjnt  of  Ttfpe  II.     Sftumfrmn  rahbii  ntoaitaUd  vi'fA  Mt  VenuM  tmltvrt,  T^p*  II. 


betura 

itbanrp- 
tlot). 


Ag^utiQln*  exbauawd  mtb 


Baltltnoi*,  Dutal, 


If  t.  Vwaon,  (Lc« 


SHIpi.  Cotbcrculinrn,  I  :  ID  — 

Type  II. 
MLIiM«rt.6olb«TCUltarM,    1:000      -*■+ 

Type  III. 
Manila.  & 0Eb«r cullunc,         i :  ICN)        — 


1  :  20      1  :  90     1 :  100    1 :  209    1 :  400    1 :  30      1 :  M     1 :  100 


++ 


+  +        +1 


Before  injections  lliis  rabbit's  serum  aggliitiimteil  Types  II.  and  III. 
ID  1:  20  dilutioDS. 

The  considerable  amount  of  common  agglutiniits  afTecting  l^r'pe  II. 
and  T\pe  III.  '\s  seen  to  be  absorbed  by  the  bacilli  of  either  type. 
The  larger  amount  of  specific  agglutinin  is  left  in  the  scrum  when  any 
bacillus  other  than  one  of  identical  cliaracteristics  with  the  bacillus 
used  in  the  immunization  is  employed. 

Tablk  V.^Sluiviiiy  fh'tl  Aorad  tnjfrtfd  Kith  Shiffa  and  Philippifte  iyptm  dnriop  tfutijit 
aggtutinitu  far  Ou-  baciOi  Monying  to  thftr  twn  h/pes  nnd  enmmoti  agjjtntiHint  far  fia 
(ane(t'''«  ineiudeH  unHtr  Type  II. 


ScnitD 
■ft*r 

l1oi»  Ihr 
•OTtr&J 
tnnnthi. 


^mo  Mmm  aft«t  nlunthni  wllb  ouliurw  of 


■400 


10 


CUlltLM*. 

Bbtita.otislual.  andlotbera,  f  1300  —10 

Type  11. 

Pwrk,  original,  and  I  oibets,  t-WO  —10 

Tjpe  n.    {».) 

Broohlfll,  -fOOD  4^30           rlO 

Type  II.   (C.)  +M0  -w       -10 

Triie  U.   (D.l  ^*oo  -30       -10 

TTP*  III- 

rtesiier  original  and  4  othen.  — I'jou  f  WO       — lu 


shiiia  Type  III.  Trv^o.  Pyocy-  Trvhotd.  cuoo. 

Trvv.  anrui. 


-70u        -t-1000         -MOO 


-10 


+«K 


■4^00 


1^X0 


rM 


-«0        J^WO 


.^BOU 


•-000 


The  raonipulation  necessary  in  making  dilutions  and  filtering,  as  well 
ns  the  effect  of  standing,  cause  a  certain  amount  of  destruction  of 
agglutinins. 
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SiTUiiART. — ^The  great  majority  of  the  bacilli  which  have  been 
isolated  from  cases  of  dysentery  not  due  to  amopbe,  and  which  must 
be  considered  as  being  exciting  factors  in  that  disease,  are  inchided  in 
three  distinct  varieties  or  types.  This  at  least  is  true  for  the  many 
cultures  which  we  have  isolated  or  obtained  from  others. 

The  tj'pe  most  frer|uenllv  found  in  severe  epidemics  is  that  of  the 
first  culture  isolated  by  Shiga.  Bucllli  identical  in  biochemical  and 
agglutinating  characteristics  with  this  bacillus  have  been  Isolated  from 
cases  of  dysentery  in  many  parts  of  the  world.  None  of  the  bacilli 
belonging  to  this  tj-pe  produce  indol,  except,  perhaps,  in  a  trace,  or 
ferment  nmnnite,  maltose,  or  saccharase.  Animals  injected  with  this 
type  produce  specific  agglutinins  for  this  type  in  abundance  and  only 
very  little  that  combines  with  the  others. 

The  second  type  ferments  mauuite  with  the  production  of  acid,  but 
does  not  split  maltose  or  saccharose  in  peptone  solution  or  agar. 

It  produces  indol.  Animals,  after  inoculations  with  it,  develop 
immime  bmlies  and  apglntinins  specific  fur  the  type.  Tlicy  also  develop 
in  considerable  proportion  immune  bodies  and  agglutinins  which  have 
affinity  for  the  bacilli  of  Tj-pe  III.  and  to  a  slight  extent  for  Tj-pe  I. 

The  thiril  type  is  nearest  to  the  colon  group,  since  it  not  only  produces 
indol  and  actively  ferments  mannite,  bat  also  acts  energetically  upon 
pure  maltose  and  feebly  upon  saccharose. 

Animab  injected  with  this  type  develoji  s|)ecific  immune  bodies  and 
agglutinius.  and  also  abundant  immune  bodies  and  agglutinins  which 
have  an  affinit}'  for  the  bacilli  of  Tyj>e  II.  and  for  many  bacilli  of  tlie 
colon  group.    For  Type  I.  these  substances  are  but  slightly  develo{)ed. 

l^ese  two  mannite  fermenting  types  are  widely  scattered  over  the 
world,  and  certainly  cause  characteristic  cases  and  epidemics  of  dysen- 
tery, although  on  the  average  the  disease  caused  by  them  is  milder 
than  when  due  to  the  Shiga  bacillus.  One  or  the  other  of  these  two 
types  also  appear  at  limes  in  .small  numbers  in  mixed  infections  where 
dysenteric  symptoms  arc  almost  or  entirely  absent. 

Although  tlie  majorlly  of  bacilli  obtained  have  had  the  characteristics 
of  one  of  the  above  types,  still  bacilli  have  been  found  in  isolated  cases, 
which,  although  agreeing  in  biochemical  characteristics  with  one  of 
the  three,  nevertheless  ditfered  in  producing  dift'crent  specific  aKghitinins. 
A  few  bacilli  have  also  been  met  with  which  differ  slightly  in  biocliemical 
as  well  as  agglutinating  characteristics. 

It  seems,  therefore,  that  these  three  types  should  be  considered  as 
the  characteristic  represenlatlvcs  of  tliree  grovips. 

In  consideration  of  all  the  above  facts,  it  seems  to  us  incorrect  to 
Dame  the  mannite-fermcnting  groups  as  pseudodysentery  bacflU.  If 
we  call  them  all  dysenterj'  bacilli,  we  must  classify  them  as  dysentery 
hacilU  of  the  Shiga  group,  of  the  group  fermenting  mannite.  but  not 
maltose,  and  of  the  one  fermenting  both  mannite  and  maltose. 

This  manner  of  differentiating  the  groups  woulil  l»e  very  confusing, 
and  it  seems  to  us  more  convenient,  and  better,  to  restrict  the  name 
dysentery  to  bacilli  having  the  characteristics  of  the  bacillus  isolated 
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bj  Shiga,  and  give  the  name  paradj^sentery  to  the  other  two  groups 
which  approach  more  closely  the  colon  group  in  tliat  they  produce 
indol  and  have  a  greater  range  of  activity  in  fermenting  carbohydrates. 
An  additional  reason  for  the  use  of  the  prefix  para,  beyond  that  of 
convenience,  is  the  less  average  severity  of  the  disease  due  to  these 
types,  and  the  probability  that  there  vniX  be  found,  in  occasional  sporadic 
cases  and  epidemics  of  dysentery,  bacilli  which  have  a  causal  relation 
to  dysentery  and  exhibit  more  pronounced  characteristics  of  the  colon 
group  than  any  of  the  varieties  so  far  isolated. 


CHAPTER  XX. 


THE  TYPHOID  BACILLUS  (BACILLUS  TYPHOSUS). 


This  organism  was  first  nbservefl  by  Ebenli,  ami  inilepenrlfntly  by 
Kocli,  in  ISSO,  in  the  spleen  and  diseased  areas  of  the  intestine  in 
typhoid  cadavers,  but  was  not  ohtaiiied  in  pure  culture  or  Its  principal 
biological  cultures  descrilied  until  the  researclies  of  GafTky,  i:i  1884. 
The  methods  of  identification  employed  by  Gaffky  were  found  insuffi- 
cient to  separate  the  typhoid  bacillus  from  other  bacilli  of  the  colon- 
tj'phoid  group.  Kven-  known  cultural  characteristic  of  the  typhoid 
bacillus  was  found  to  be  duplicated  in  some  mcnil>er  of  this  group,  and 
it  was  only  when  a  Imcillu.s  combined  all  the  characteristics  of  a  typical 
variety  that  it  could  be  assumed  that  it  was  in  all  probaljility  the  typhoid 
bacillus.  The  al>K<iUitt-  identiHcatioTi  of  the  haoillns  only  liecame  pos- 
sible with  the  inrreuse  of  our  knowledge  concerning  the  sjjecific  immune 
substances  developed  in  the  bodies  of  immuuLzed  animals.  Its  etiological 
relalionsliip  to  typhoid  fever  has  been  particularly  difficult  of  demon- 
stration, for.  although  pathogenic  for  many  animals  wlien  subcutaneuusly 
or  intravenously  inoculated,  it  has  been  impossible  to  produce  infection 
in  the  natural  way  or  produce  gro-^ii  lesions  corresponfling  closely  to 
those  occurring  generally  in  man.  It  has  Yteen  recently  shown,  however, 
tliat  animals  under  certain  conditions,  when  their  power  of  resistance 
has  Ijeen  reduced,  may  Ije  rendered  susceptible  to  infection,  with  the 
production  of  more  or  less  cluiracterlstic  Ictions.  These  results,  together 
with  the  specific  reactions  of  the  blood  seruin  of  typhoi4l  patients,  the 
constant  presence  of  the  bacillus  t}*j)hosus  in  the  intestines  and  some 
of  the  organs  of  the  typhoid  cadavers,  the  frequent  isolation  of  this 
bacillus  from  the  roseola,  .spleen,  blood,  and  excretions  of  the  sick 
during  life,  the  absence  of  the  bacilli  in  healthy  persons,  unless  they 
have  l)een  directly  expojied  to  or  are  convalescent  from  typhoid  infec- 
tion, all  these  have  demonstrated  scientifically  that  this  bacillus  is  the 
chief  etiological  factor  in  the  production  of  the  great  majority  of  cases 
<lesignatefl  as  ty|»lioiil  fever. 

Morphology  and  Staining. — T^-phoid  bacilli  are  short,  rather  plump 
rods  of  alMinr  i«  to  3/'  iu  length  by  0.5,"  to  0..^/'  in  diiimeter,  having 
roundetl  ends,  and  often  growing  into  long  threads.  They  are  longer 
and  somewhat  more  slender  in  form  than  most  of  the  ineml»ers  of  the 
colon  group  of  l>arilli  (Kigs.  SS  and  S9). 

The  t\'[>hoid  bacilli  .itain  with  the  ordinary  aniline  colors,  but  a  little 
less  readily  than  do  most  other  bacteria.  Like  the  bacilli  of  the  colon 
And  paratyphoid  groups,  they  are  decolorized  by  Gram's  method. 
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Biology. — The  typhoid  bncillus  is  b  motile,  aerobic,  facultative  anae- 
robic, non-H(iuefying  bacillus.  It  develop?*  Iwsl  at  37"  C;  ox'er  40**  and 
below  30^  growth  is  retarded;  at  20*^  it  is  still  moderate;  below  10* 
it  almost  ceases.  It  grows  slightly  more  abundantly  in  the  presence 
of  oxygen.     It  Hoes  not  form  spores. 

Resistance. — When  a  number  of  typhoid  l>acilli  are  drie<l  most  of 
them  die  within  a  few  hours  and  a  few  frequently  remain  alive  for 
inonlhs,   hut  sometimes   all   llie   liacilli  dii;   very  quickly.     In   tlieir 
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resistance  to  heat  and  cold  they  Iwhave  like  the  more  resistant,  non- 
spore-beariiig  bacilli. 

Motili^. — Typhoid  bacilli,  when  living  under  favorable  conditions, 
are  ven-  actively  motile,  the  smaller  ones  having  often  an  undulating 
motion,  while  the  larger  rods  move  al>ou(  rapidly-  In  different  cultures, 
however,  the  degree  of  motility  varies. 
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Flagklt-a. — These  are  often  numerous  am!  spring  from  the  sides  as 
well  as  the  ends  of  the  bacilli,  but  many  short  rwis  have  but  a  single 
terminal  Ragellum  (Figs.  90  and  91). 
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Oaltiration. — Its  grou'th  on  most  sugar-free  culture  media  !s  similar 
to  that  of  tho  biicilhis  noli  communis,  but  it  is  somewhat  slower  and 
not  quite  no  luxumnt. 

Gkowth  OS  GEi.ATiN  Platics  (Fig.  92). — ^The  colonies  growing 
deep  down  in  this  plate  medium  have  nothing  in  their  appearance  to 
dbtinjETuish  them;  they  appear  as  finely  granular  round  points  with  a 
sharp  margin  and  a  yellowish-brown  color.  The  superficial  colonies, 
however,  particularly  w^hen  young,  are  often  quite  characterbitic;  they 
are  transparent,  bluish-white  in  color,  with  nu  irregidar  outline,  not 
unlike  a  grape-leaf  in  .<!hap4>.  Slightly  magnified  they  appear  homo- 
geneous in  strLKinrt",  but  marked  by  a  delicate  network  of  furrows. 
Surface  colonies  from  some  varieties  of  colon  bacilli  give  a  similar 
picture. 


Aniperfldkl  ooloay  dlkiidadeapooloDr  (3)  of  trplHt^d  baGlllI  In  gcUtliL    x  20  dlaicoien. 

In  niick  cultures  in  gelatin  the  growth  is  mostly  nn  the  surface,  appear- 
ing as  a  thin,  scalloped  extension,  which  gnidually  readies  out  to  the 
.sides  of  tlic  tul»e.  In  the  track  of  the  needle  there  is  but  a  limited 
growth,  which  may  be  granuluj-  or  uniform  iu  structure,  and  of  a 
)'ellowish-brown  color.    There  is  no  liquefaction. 

Growth  in  lioutixox. — This  medium  is  uniformly  clouded  by  the 
typhoid  bacillus,  but  the  clouding  is  not  so  intense  as  by  the  colon 
bacilliLs.  When  the  ]>ouillon  is  somewhat  alkaline  a  delicnie  film  is 
sometimes  formed  on  the  surface  after  eighteen  to  twent>-four  hours* 
growth. 

Gnowrn  on  Agai*. — The  streak  cultures  on  agar  are  not  distinctive; 
a  transparent,  grayish  streak  is  formed. 

Gkowtij  on  Potato. — The  growth  on  tliis  ineiiium  was  fonnerly  of 
great  importance  in  identification,  but  now  other  media,  giving  more 
specific  characteristics,  have  been  disoovere<l.  When  characteristic  the 
growth  is  almost  invisible,  but  luxuriant,  usually  covering  the  surface  of 
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the  raediiini,  ami  wlien  scraped  with  the  neetlle  offers  a  certain  resist- 
ance. Ill  soiuf  cases,  however,  (he  (trowtli  is  restricted  (o  tlie  immediate 
vicinit}'  of  the  point  of  inoculation.  Again,  the  growth  may  he  quite 
heavy  and  colored  yellow  is  h-browu,  and  with  a  greenish  halo,  when 
it  is  ven'  similar  to  the  growth  of  the  colun  bacillus.  These  differences 
of  growth  on  potato  appear  to  be  chiefly  due  to  variations  in  the  sub- 
stance of  the  potato,  especially  in  its  reaction.  For  the  characteristic 
growth  tlie  potato  sIiouUl  be  slightly  m^id.  A  new  lot  of  potato  should 
always  be  tested  with  a  typical  typhoid  bacillus  as  a  control. 

Indoi>  RuACTiuN. — It  (iocs  uot  pnxliice  iiulol.  This  test  was  pro- 
posed by  Kitnsato  for  dlfferentiutirig  the  typhoid  bacillus  from  other 
similar  bacilli,  such  as  those  of  the  colon  group,  which,  as  a  rule,  give 
the  indol  reaction. 

Ilie  t^-phoid  bacillus,  like  the  colon  bacillus,  produces  alkaline 
sultstances  from  peptone. 

Nedtrai.  Kkd. — In  stick  cultures  in  glucose  agar  the  typhoid  bacillus 
produces  no  cliange,  while  the  colon  bacillus  decolorizes  the  medium 
and  produces  gas. 

Effect  of  iNniaiTiNC  Substances  m  CtiLTiTRE  J'r.ums. — l*he 
typhoid  bacillus  is  inliibited  by  weaker  solutions  of  formaldehyde, 
carbolic  acid,  and  other  disitifectaiils,  tliuii  is  the  colon  bacillus.  Most 
typhoid-like  l>aciUi  resemble  the  typhoid  bacillus  in  this  respect. 

Action  on  Diffkrent  Slo.^.rs. — The  detennination  of  the  action 
upon  sugars  of  any  bacillus  belonging  to  the  l}*phoid  or  colon  group  is 
one  of  the  most  important  of  all  the  cultural  differential  tests.  It  has 
been  consiilered  in  iletail  in  connection  with  the  colon  group. 

Fermentation. — While  the  typhoid  Imcillus  does  not  ferment  glucose, 
galactose  and  ]e\nilose,  it  does  prochice  acid  from  these  substances.  It 
evolves  gw*  fronj  none  of  the  sugars. 

Mii,K. — The  t\-phoid  bacillus  does  not  cause  coagulation  when 
grown  iu  milk.  In  litmus  whey  the  neutral  violet  color  becomes  more 
red  during  the  first  forty-eight  hours;  the  fluid,  however,  remains  clear. 

Production  of  DisoaBO  in  Animals.— It  is  impossible  experimentally 
to  produce  true  tj-phoid  fever  in  animals.  Sickness  or  fatal  results 
without  the  appearance  of  the  tjiiiciil  pathological  changes  have  regii- 
hirly  followed  unirtial  inoculations,  but  in  most  cases  they  could  easily 
be  tmced  to  the  toxirmia  produced  by  the  substances  in  the  bodies  of 
the  bacilli  injected.  Typhoid  Iwcilli,  freshly  obtained  from  typhoid 
cases  an<l  introduwd  suljcutaneously  in  animals,  mpidly  die.  In  tlie 
{teritooeal  cavity  they  may  increase,  causing  a  fatal  peritonitis  wiUi 
loxiG  poisoning.  Hy  accustoming  bacilli  to  the  animal  body  a  certain 
degree  of  increased  virulence  for  the  animal  can  be  obtaine<l,  so  that 
smaller  amounts  of  culture  may  prove  fatal,  .\mong  the  most  success- 
ful efforts  in  thLs  direction  are  the  experiments  of  Cvgnaeus  and  Seitx, 
who,  by  the  inoculation  of  typhoid  bacilli  into  dogs,  rabbits,  and  mice, 
produced  in  the  small  intestines  conditions  that  were  histologically  and 
to  the  naked  eye  analc^ous  to  those  found  in  the  human  subject. 
Their  results,  however,  were  not  constant. 
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Experiincnbi  indicate  that  the  presence  of  other  bacteria  in  tl»e  iKxiy, 
anil  uf  exposure  to  (he  effect  of  noxious  pises  in  lowering  the  natural 
resiiiance  of  the  individual,  render  liim  more  susceptible  to  infection 
from  t>'phoid  fever. 

Distribution  o(  Bacilli  in  the  Hnman  Subject.  Toxic  EffectB.— 
Typhoid  fever  hrlorif^s  lo  thai  rlas;)  nf  iiiffclimis  di.st'ases  in  whit-h  the 
specific  Iwcilli  may  dccur  throughout  the  entire  circulation,  as  in  septi- 
cieniia,  or  remain  l'>cati»c<i  in  certain  regions  in  the  body.  Wherever 
fuimd  in  the  tissues  the  tj-phoid  bacilli  are  usually  observed  to  be 
arranged  in  ftrouiis  or  foci:  only  occa-sionally  are  they  found  singly. 
These  foci  are  formeil,  most  probably,  duriiig  life,  as  is  proved  by  the 
<lepenerative  changes  often  seen  about  them:  but  it  Is  possible  that  the 
bacilli  may  also  multiply  soniewhiit  after  ile^lh. 

The  inflammatory  cnanges  in  the  lymphoid  tissue  anrl  other  cellular 
degeiiemtinns  so  often  found  in  typhoid  fever  in  the  internal  organs 
are  ilue  to  the  effect-s  of  (he  s^iluble  toxic  substant-'es  eliminated  by 
tlie  typhoiil  Iwcilli,  The  inflaiumfttion  and  ulceration  of  Fever's 
patches  are  the  central  feature,  these  Ijcing  more  directly  under  the 
inHuence  of  the  conceniraled  bacteria)  prwiucts.  In  typhoiil  fever 
necrosb  of  the  tissues  of  the  internal  organs  is  of  comparatively  rare 
occurrence.  C^iseation  of  the  mesenteric  glands,  which  is  commonly 
abaerved,  is  due  possibly  to  mixerl  infection.  There  are,  however,  & 
numlier  of  cases  now  on  record  in  which  the  typhoid  bacillus  has  played 
the  part  of  puj  producer. 

nmuttal  Locatioa  of  Typhoid  Le&ionB  Oecniring  as  Complications 
of  Typhoid  Fevei. — Cases  of  sacculated  and  general  peritonitis,  sul>- 
phrenic  hIwccss,  osteomyelitis,  periostitis,  and  inflarnnmtory  procesess 
of  other  kinds  have  Iteen  reported  as  being  clue  to  the  t^-phoid  bacilltis. 
Kruiic  also  reports  an  aKsceas  of  the  spleen  which  contained  only  bacillus 
t\*phosns.  and  t\-phoid  abscess  of  the  liver  has  lieen  recorded  by  many. 
In  certain  cases  of  typhoid  pneumonia,  serous  pleurisy,  empyema,  and 
infiuramatiuns  of  the  brain  and  spinal  coni  or  their  meiiibraiies,  typhoid 
liRcilli  exclusively  have  occurrt*d.  The  itiflanmiation  proihiccd  mnv  or 
may  not  lie  accompanieil  by  (he  formufion  of  pns. 

Such  cases,  however,  are  of  coinpdratively  rare  (H'currenee,  liecause 
wiU  exceptiuniilly  do  the  bucilli  mass  tugelher  in  such  numbers  as 
lo  become  pus  producers.  As  a  rule,  when  such  complications  occur 
in  tj'phoid  fever  they  are  due  to  .secontlary  or  mijed  infection  with 
the  staphylococcu.s.  pneiimncoccus,  streptococcus,  pyocyaneus,  and 
colon  bacillus.  Frequently  these  bacteria  are  found  side  by  side  with 
the  typhoiil  bacilli;  in  such  cases  it  is  diflicult  to  say  which  was  the 
primary'  and  which  was  the  secondary  infection. 

The  distribution  of  the  typhoiil  bacilli  in  different  parts  of  the  liody 
is  eiqilained  by  their  jiassjige  through  the  circulation;  and  this  is  jiroved 
by  the  baciUi  being  found  in  the  earlier  days  of  the  disease  in  the  spleen 
constantly  and  fn-quently  in  the  blood  itself. 

The  typhoid  l»acilUis  can  Iw  tmnsmitte<l  also  from  the  blood  of  the 
mother  to  the  fueius.     In  one  case  reported  by  Ernst  a  living  child,  four 
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(iays  after  I)irt!i.  showed  evidences  of  geriertil  (j'phoid  infection — icterus 
and  rose  s|>ots. 

Not  infretiiiently  typhoid  bacilli  are  found  in  the  secretions.  They 
are  present  in  the  urine  in  about  20  per  cent,  of  the  cases  in  the  third 
and  fourth  weeks  of  tj-phoid  fever.  .Slipht  pathological  lesions  in  the 
kidneys  tihnost  always  occur  in  typhoid  fever,  but  severe  lesions  also 
sometimes  occur.  In  some  oases  the  uniie  is  crowded  with  typhoid 
bacilli. 

In  cases  of  pneumonia  due  to  the  typhoid  bacilhi.s  it  is  abundantly 
present  in  the  sputa,  and  care  should  be  taken  to  disinfect  the  cxjr'c- 
toration  of  tj-jihoid  patients.  In  typhoid  fever  the  bacilli  are  almost 
always  present  in  the  j^all-liladder.  The  bacilli  are  usually  elimiiialed 
by  the  feces,  bein^j  derived  from  the  ulcerated  portions  of  the  intestines; 
their  f^rowth  within  the  intestinal  contents  is,  with  few  exceptions,  not 
exten.sive. 

Not  only  do  the  ven.-  great  majority  of  cases  examined  bacteriological ly 
and  pathologically,  hut  the  epidemiological  history  of  the  disease,  proves 
that  the  chief  mode  of  invasion  of  the  typhoid  bacillus  is  by  way  of 
the  mouth  and  stomach.  The  infective  material  is  discharged  principally 
by  means  of  the  excretions  and  secretions  of  the  sick — namely,  by  the 
feces,  the  urine,  and  occasionally  by  the  sputum. 

Occurrence  ia  Healthy  Fersons. — In  a  few  cases  they  have  been 
obtaineil  from  the  intesline.s  nf  healthy  persons.  (Urigal.'iki  and  Conradi^ 
Xeii.  Hiig.,  vol.  xxxix.  p.  283.) 

Dtiration  of  Life  in  Man. — The  bacilli  usually  disappear  from  the 
body  in  the  fourth  or  fifth  week,  Viut  may  renmin  for  months  or  excep- 
tionally years  in  the  urine  and  in  the  gall-bladder.  They  have  been 
found  in  willcclinnb  of  pus  une  year  after  recovery  from  t\*phoid  fever. 

Duration  of  Life  Outside  of  the  Body. — It  is  of  importance  to  know 
for  what  length  of  time  the  typhoid  bacillus  is  capable  of  living  outside 
of  the  ImhIv;  but,  unfortunately,  owing  to  the  great  dillicultic^  in  proving 
(he  presence  of  this  oi^nism  in  natural  conditions,  our  knowledge  on 
this  point  is  still  incomplete.  In  feces  the  length  of  life  of  the  typhoid 
bacilli  is  very  variable,  depending  on  the  composition  of  the  feces  and 
of  llie  varieties  of  bacteria  present;  sometime.^  thi-y  live  but  a  few  hours, 
usually  a  day,  exoeplionally  for  very  long  periods.  Thus,  according  to 
I^evy  and  Kaj-ser,  in  winter  typhoid  bacilli  may  remain  alive  in  feces 
for  five  raontlis.  Foote  says  that  they  can  Ijo  found  in  1i>'ing  oysters 
for  a  month  at  a  time,  but  in  numerous  experiments  we  have  not  been 
able  to  find  ilwm  after  five  days.  Their  life  in  privies  and  in  water, 
however,  is  usually  ver)*  much  shorter.  t\&  a  rule,  they  can  be  detected 
in  river  water  no  longer  than  seven  days  after  introduction,  and  often 
not  after  forty-eight  hours.  The  less  contaminated  the  water,  the  longer 
the  banilli  are  apt  \'t  live.  The  life  of  the  typhoirl  bacillus  varies  accord- 
ing to  the  abundance  and  varieties  of  the  bacteria  associated  with  it, 
and  according  to  tlic  presence  or  abscuoe  of  such  injurious  influences 
aa  deleterious  chemicals,  high  temperature,  light,  desiccation,  etc.,  to 
which  it  tfl  peculiarly  sensitive.     Good  observers  claim  to  have  found 
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bacilli  very  similar  to  typhoid  bacilli  in  the  soil  in  a  re^on  where  no 
typhoi"!  fever  ^as  known  to  exist. 

OoDununicability. — The  burilli  may  reach  the  mouth  by  means  of 
infected  fingers  or  articles  of  various  kinds,  or  by  the  ingestion  of 
infected  fomi,  milk,  water,  etc.,  or  by  more  obscure  ways,  sucli  as  the 
eating  of  raw  oysters  and  clams  or  the  ciiiitiunnmtitin  of  food  by  flies 
and  other  insects,  or  by  inhalation  through  the  mouth.  Of  the  greatest 
importancf,  however,  is  the  prfKlnetion  of  infeetlon  by  cnntarninateil 
drinking-water  or  milk.  In  a  ver>'  large  number  of  cases  indirect  proof 
of  this  mode  of  infection  has  been  afforded  by  finding  that  the  water 
had  been  contaminated  with  urine  or  feces  from  a.  case  of  typhoid.  In 
a  few  instances  the  proof  has  been  direct — namely, 'by  finding  typboiH 
bacilli  in  the  water.  Examples  of  infection  from  water  and  milk  have 
frequently  come  un<ler  our  direct  observation.  The  following  instances 
may  be  cited:  A  large  force  of  workmen  obtained  their  drinking-water 
from  ft  well  near  whei-e  ihey  were  working.  Tj-phoid  fever  broke  out 
and  continued  to  spread  un(il  the  well  was  filled  up.  Investigation 
showed  that  some  of  the  sick,  in  the  early  stages  of  their  disease, 
repeatedly  infected  the  soil  surrounding  the  well  with  their  urine  and 
feces.  Another  example  occurred  in  which  typhoid  fever  broke  out 
along  the  course  of  a  creek  after  a  spring  freshet.  It  was  found  that, 
far  up  near  the  source  of  the  creek,  typhoid  feces  had  been  thrown  on 
one  of  ite  banks  and  had  then  been  washed  into  the  stream. 

In  the  late  epidemic  at  Ithaca  some  l.iOO  cases  developed  among 
those  using  the  infected  water  supply  of  the  town.  The  students  and 
towns-people  not  driuking  the  infecteil  supply  esca|>ed. 

.An  instance  of  ntilk  infection  secondary  to  water  infection  was  in 
the  case  of  a  milk  denier  whose  son  came  home  suffering  from  tj'phoid 
fever.  TIic  feces  were  thrown  into  a  small  stream  which  ran  into  a 
pond  from  which  the  milk  cans  were  washed.  A  veri'  alanning  epidemic 
of  typhoid  developed,  which  was  confined  to  the  houses  and  asylums 
supplied  with  this  milk.  During  the  ^ipanish-.Vmmcan  war  not  only 
water  infection  but  food  infection  was  noticed,  as  in  the  case  of  a  regi- 
ment where  certain  companies  were  badly  infected,  while  others  nearly 
escaped.  Kach  cnrnpiiny  had  its  separate  kitchen  and  food  supply,  and 
much  of  the  infection  could  be  traced  to  the  food,  the  contamination 
coming  tlirougb  the  Hies.  Several  epidemics  have  been  traced  to 
oysters. 

Individtul  Sosceptibili^. — In  this,  as  in  all  infectious  diseases, 
itidivi filial  itiixcrpfihtlUij  plays  an  important  role  in  the  production  of 
infection.  Without  a  suitable  .-ioil  upon  which  to  grow,  the  seed  cannot 
thrive.  There  must  in  many  be  some  dbiturbance  of  the  digestion, 
excesses  in  drinking,  etc.,  or  a  general  weakening  of  the  power  of  resist- 
ance of  the  individual,  caused  by  bad  food,  exposure  to  heat,  over- 
exertion, etc.,  as  with  sttUliers  and  pri.soiiers,  for  example,  to  bring 
about  the  conilitions  suitable  for  the  production  of  typhoid  fever. 

The  supposition  that  the  breathing  of  noxious  gases  predisposes  to 
the  disease,  though  prj$.5ibly  true  to  a  certain  extent,  as  some  animal 
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experiinenta  alreaily  refern-d  In  would  seem  lo  indicate,  has  not  yef 
Ijeen  ponchisivrlv  j^roveii;  nor  do  Pettenkofer's  investigations  into  the 
re-hitioii  of  the  fn-qnency  of  typhoid  fever  lu  the  jtroiind -water  level 
satisfactorily  explain  the  occurrence  of  the  disease  in  most  cases,  whether 
sporadically  or  In  epidctnics. 

Immonisation. — After  recovery  from  typhoid  fever  a  considerable 
immunity  is  present  which  lasts  for  years.  This  is  not  absoUite,  as 
about  2  [KT  cent,  of  those  having  typhoid  fever  have  a  seixjiid  attack. 
This  attack  is  usually  a  mild  one.  S|>pcil]c  immunizalwtt  against  ex[)eri- 
mentnl  typhoid  infection  has  Ijeen  produce<i  in  animals  by  the  usual 
nietliod  of  injecting  at  first  small  tjiiantities  of  the  living  or  dcati  lyphnid 
bnciUi  and  gradually  increasing  the  close.  The  M(kn1  .serum  of  animals 
thus  immunized  has  been  found  to  possess  bactericidal  and  feeble  antitoxic 
properties  against  the  t>'phoi<l  harilhis.  Tliese  rbararteristics  have  also 
lieen  oltserved  in  the  bloo<l  serum  of  persons  who  are  convalescent  from 
tv'phoitl  fever.  The  attempt  has  Iktu  made  to  employ  the  tvphoid 
semm  for  (he  cure  of  typhoid  fe\'er  in  trian,  but  although  a  nunilwr  of 
indiviilual  ol.<ieners  Imve  reported  good  results  with  one  or  anoilK-r  of 
the  sera  must  consider  tlmt  little  or  no  good  is  derived  from  the  serum. 

V.\cciNATio.v  AGAINST  Typhoid. — 'ITie  use  of  killed  typhoid  bacilli 
as  vaccines  has  been  advocatcil  by  Wright  and  tried  upon  suiue  81)00 
persons  who  expected  to  lie  subjected  to  danger  of  infection. 

About  2  mg.  of  an  agar  tu)>e  culture  which  had  t>een  susfiended  in 
bouillon  and  healed  was  use<l  at  first,  hut  now  0.3  to  0.1  c.c.  of  a  boinllon 
culture  according  lo  the  di-nsity  of  .siispen.sinii  is  heated  to  (10°  C.  for  five 
minutes.  For  a  tlay  or  two  the  injection  produces  a  slight  fever  and  local 
pain,  followed  Ju  a  fewday.s  by  tlH'develojHncut  of  bactericidal  sulistanees 
in  the  1>UkhI,  apparently  sufficient  in  untount  to  give  some  immunity 
lusting  for  n  year  or  more.  A  .second  injection  adds  to  llie  tlegree  of 
immunity.  In  49,000  individuaU  under  observation  in  India  unrl  Africa, 
SIHW  were  thus  treated.  The  discitse  appeared  in  them  to  the  extent  of 
2.25  per  cent.,  with  a  case  mortality  of  12  per  cent.  In  the  41,000 
uninoculated  there  was  a  case  percentage  of  5.75  per  cent.,  and  ii 
mortality-  of  2(i  per  cent.  The  use  of  a  protective  serum,  or,  when 
tlii.s  raniiot  lie  obtained,  of  ilead  cultures,  would,  therefore,  .<teem  to  be 
advisable  where  great  danger  of  typhi>id  infection  exists. 


DiagfQosis  by  Means  of  the  WidaL  or  Serum  Reaction. 

The  chief  pnicticid  applieation  of  our  knowledge  nf  the  $|wcific 
substances  develojjed  in  the  bloo*!  of  persons  sick  with  t\i>lioid  fever 
has  been  ils  an  aid  lo  diagiia'^is. 

In  IS94-0')  PfeiiTer  showed  that  when  cultures  ccmtaining  dead  or 
living  cholera  spirilla  or  typhoid  booilli  are  injected  subcutaneouslj 
into  animals  or  man.  specific  protective  substances  are  formed  in  the 
blwxl  of  the  individuals  thus  treated.  The.st'  substances  confer  a  more 
or  leas  complete  immunity  again.<tt  the  invasion  of  the  living  genns  of 
the  respective  diseases.    He  also  described  tlie  occurrence  of  a  peculiar 
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plienomenon  when  some  fresh  culture  of  the  typhotii  bacillus  on  agar 
is  added  to  h  smull  quantity  of  sentm  from  an  animal  immunized 
against  typhoid  bacilli  and  the  mixture  injected  into  the  (>entoncid  cavity 
of  a  non-iDimunize<)  gtiinea-pl^.  jVfter  this  procechire,  if  from  time  to 
time  minute  drops  of  the  liquid  be  withdrawn  in  a  capillary  tube  and 
examined  micrascopically,  it  Is  found  that  the  bacteria,  previously 
motile  and  vigontns  iind  which  retiuiiii  so  in  cnntrot  anitnals  inoculated 
without  the  specitjp  serum,  rapidly  lose  their  motility  and  die.  They 
are  first  immobilized,  then  they  become  somewhat  swollen  and  agglom- 
erated into  balls  or  clumps,  which  gradually  become  paler  and  paler, 
until  finally  they  are  dissolved  in  the  peritoneal  fluid.  This  process 
usually  takes  place  in  about  twenty  muuites,  provided  a  sufficient 
degree  of  immunity  be  present  In  the  animals  from  which  the  senun 
was  obtained.  The  animals  injected  with  the  mixture  of  the  sertim  of 
immunized  animals  and  tvphoicj  cultures  remain  unatTected,  while 
control  animals  treated  with  n  thiid  rontauiiug  only  the  .serum  of  non- 
iuMiiunized  animals  mixed  with  typhoid  cultures  die.  Pfeiffer  claimed 
that  the  reaction  of  the  serum  thus  employed  is  so  distinctly  specific 
that  it  couUI  ser\"e  for  the  rliffi-rential  lUagnosis  of  the  choU'ra  vibnon 
or  typhoid  bacillus  from  other  vibrions  or  allied  bacilli,  such  as  Kinkler's 
and  Prior's  or  those  of  the  colon  (croup. 

In  March,  IS9(i,  Pfeiffer  and  Kolle  pidtSi.shed  an  article  entitled 
"The  Uifteretilial  Diaf^uosis  of  Typhoid  Fever  by  Means  of  the  Serum 
of  Animals  Immunized  against  Typhoid  Infection,"  in  which  they 
claimed  that  by  tl»e  presence  or  absence  of  this  reaction  in  the  serum 
of  convalescents  from  suspected  typhoid  fever  the  nature  of  the  dis- 
ease couhl  Ix:  dctcniiinoiL  It  was  fnrlhcr  found,  if  lli<^  serum  of  an 
animal  thoroughly  imunmized  to  the  ty])Iioid  bacillus  was  diluted 
with  40  parts  of  bouillon,  and  a  similar  dilution  made  of  the  senim  of 
non-immunized  animals,  ami  both  solutions  were  then  inoculated  with 
a  culture  of  the  typhoid  bacillus  and  place*!  in  the  incubator  at  37°  C, 
that  after  the  expiration  of  one  hour  macroscopic  differences  in  the 
ctdture  could  be  olitft-rved.  which  incre-asi'<l  in  distinctness  for  four 
hours  and  then  (jradually  dLsap|>earefl.  The  reaction  occurring  is 
descril)c<l  as  follows:  In  (he  tultcs  in  which  the  typhoid  culture  is 
mixed  with  t\iihoid  serum  the  bacilli  are  ngghmieraled  in  fine,  whitish 
flakes,  which  settle  to  the  bottom  of  the  tube,  white  the  supernatant 
fluid  is  clear  or  only  stighdy  cloudy.  On  tlie  other  hand,  the  tubes 
containing  mixtures  of  bouillon  with  cholera  or  coH  scrum,  or  the 
serum  of  non-immunized  animals  inoculated  with  the  typhoid  bacilli, 
become  and  remain  uniformly  and  intensely  cloudy,  'i'hese  serum 
mixtures,  examined  iiucroscopicallv  in  a  hanging  drop,  show  distinct 
differences.  The  typhoid  serum  mixture  inoculated  with  the  tj-phoid 
bacilli  exhibits  the  organisms  entirely  motionless,  lying  clnroped  together 
in  heaps;  in  the  other  mixtures  the  bacilli  are  actively  mottle. 

Similar  obstTvations  were  made  independently  by  Grul>er  and 
Durham,  who  maintained,  however,  that  the  reaction  de3cril>ed  by 
Ffeiffer  was  by  no  means  specific,  and  that  when  the  reaction  is  positive 
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the  diagnosis  still  remains  in  doubt,  for  the  reaction  is  quaniiiaiive  atdy, 
and  not  qtMlUafive.  They  conchided,  nevertheless,  that  these  investiga- 
tiuns  would  render  vahiahle  assistunce  in  ihe  cHihchI  diagnosis  of  cliolera 
and   typhoid  fever. 

Gnib«r-Widal  Tart.^Tlie  first  application  of  the  use  of  serum,  how- 
ever, for  the  early  din^osis  of  typhoid  fever  on  a  more  extensive 
scale  was  made  by  AVidal,  and  reported  with  great  fulness  and  detail 
in  a  communication  published  i]i  June,  1S96.  \Vidal  confirmed  the 
reaction  aa  above  described,  proved  that  tlic  apfjlnti native  reaction 
usually  occurred  early,  elaborated  the  test,  and  proposed  a  methofl  by 
which  it  could  be  practically  applied  for  diagnnslic  purposes.  Since 
then  the  senim  test  for  the  diiignosis  of  typhoid  fever  has  come  into 
gviiernl  use  tti  bacteriological  lal>oralorie.s  iti  all  pnrt.s  of  the  world,  and 
though  the  extravagant  ex|>e(.'tations  raised  at  the  time  when  Widal 
first  announced  his  method  of  ap]>lying  this  test  have  not  been  entirely 
fulfilled,  it  has,  nevertheless,  proved  to  be  of  great  assistance  in  the 
diagnosis  of  obscure  cases  of  the  disease,  and  is  now  one  of  the  recog- 
nized tests  for  the  differentiation  of  the  typhoi<i  bacillus. 

It  should  also  be  mentioned  that  to  Wyatt  Johnson,  of  Montreal, 
belongs  the  credit  of  having  brought  this  test  more  coaspicuously  liefore 
the  pul)Hc,  by  introducing  its  use  into  niunicijml  lalK)ralorie.s,  suggesting 
that  dried  blood  should  W  employed  in  j)lace  of  blood  serum  (AVidal 
having  previously  noticed  tbot  drnug  did  not  destroy  the  ngghilinaling 
projwrties  of  typhoid  blood);  and  that  io  October,  IS96,  the  scnim  test 
was  regularly  introduced  in  the  New  York  Department  of  Health  Labo- 
ratory for  the  routine  examination  of  the  blood  scnim  of  suspected 
cases  of  typhoid  fever.  Since  then  numerous  health  de[Mirtment3  l»ave 
followed  the  example  set  by  those  of  Montreal  and  New  York. 

UsB  of  Dried  Blood.  Directions  for  Prkpahing  Specimens  of 
Blood. — 'I'he  skin  covering  the  lip  of  the  finger  or  ihe  ear  is  thoroughly 
cleansed,  and  is  then  pricked  with  a  needle  deeply  enough  to  cause 
several  drops  of  bhKxJ  Uj  exutle.  Two  fair-sized  drops  an*  then  placed 
on  a  glass  slide,  one  near  either  end.  and  allowed  to  dry.  Glaze<l  paper 
may  also  be  employed,  but  it  is  not  as  good,  for  the  blood  soaks  more 
or  less  into  it,  and  later,  when  it  is  dissolved,  some  of  the  paper  fibre  is 
apt  to  be  rubbed  off  witli  it.    The  slide  is  placed  in  a  box  for  protection. 

I'jtEPjUtATioN  OF  SpEcisiEN  OF  Blood  FOR  EXAMINATION- — In  pre- 
paring the  .specimens  for  examlnntion  the  dried  blood,  if  accuracy  is 
desired,  is  first  weigheti  and  then  brought  into  solution  by  adding  to 
it  and  mixing  it  with  nine  timej  the  quantity  of  water;  tlien  a  minute 
drop  of  this  decidedly  reddish  mixture  is  placed  on  a  cover-^ass,  and 
to  it  is  added  a  similar  drop  of  an  eighteen  to  twenty-four-hour-old 
bouillon  culture  of  the  typhoid  bacillus,  which,  if  it  has  a  iilighl  |>ellicle, 
should  be  well  shaken.  The  drops,  after  being  mixed,  should  have  a 
faint  reddish  or  pink  tinge  in  this,  the  most  highly  concentrated  serum 
dilution.  Higher  dilutions  are  prepared  by  adding  sterile  broih,  water, 
or  s:ili  solution  lo  the  1:5  blood  mixture.  The  cover-glass  with  the 
mixture  on  the  surface  is  inverted  over  a  hollow  slide  (the  edges  about 
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tlie  concavity  having  been  carefuUy  smeared  with  vaaelin,  so  as  to  make 
a  closed  chamber),  and  the  han^iinK  drop  then  examined  under  the 
microscope  by  either  daylight  or  arliHcial  light,  «  high-power  dry  lena 
being  used,  or,  somewhat  less  serviceabiy,  a  1/12  oil-immersion  lens. 
(Jniinarily  the  dried  hlood  is  not  weighed,  but  the  measure  of  dilution 
is  estimated  by  the  color  of  the  drop.  To  judge  this  the  beginner 
must  carefully  make  dilutions  of  fluid  blood  and  notice  the  depth  of 
color  in  1:10  and  1:20  dilutions.  Besides  the  faulty  jud^iment  of  the 
dilution  color  by  the  examiner,  the  variation  in  depth  of  color  of 
ditferent  specimens  of  blool  makes  the  estimation  of  dilutions  more 
or  less  inaccurate,  but  fortunately  this  does  not  greatly  interfere  with 
the  vnlue  of  the  test. 

The  Raactioa. — If  the  reaction  takes  [ilacc  rapidly  the  first  glance 
through  the  microscope  i-eveals  the  reaction  almost  completed,  most  of 
the  bacilli  being  in  loose  clumps  and  nearly  or  altogether  motionless 
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Bacilli  foUiersd  Into  one  luveaud  twona&llcJtlBtia;  th«  fbw  laolue^ 
twcurU  being  modonteM  or  fttnxMii  m>. 


(Fig.  93).    Between  the  clumps  are  clear  spaces  containing  few  or  no 

'ist^ted  bacilli.     If  the  n^ac^tion  is  a  little  less  comjilcle  ii  few  bacilli 

"may  be  found  moving  sluwly  ln-tween  the  clum^is  in  un  aimless  way, 

while  others  attached  to  the  clumpa  by  one  end  are  apparently  tiding 

to  pull  away,  much  as  a  fly  caught  on  fly-paper  struggles  for  freedom. 

If  the  agglutinating  substances  are  present,  but  still  less  abundant,  the 

iction  may  be  watched  through  the  whole  course  of  its  development. 

plmmcdiately  after  mixing  the  hUxxl  and  culture  together  it  will  be 

noticed  that  the  bacilli  move  more  slowly  than  before  the  addition  of 

serum.    Some  of  these  soon  cease  all  progressive  movement,  and  it  will 

'be  seen  that  they  are  gathering  together  in  small  groups  of  two  or  more, 

.the  individual  bacilli  being  still  somewhat  separated  from  each  other. 

iGradually  they  close  up  the  spaces  betweei)  them,  aud  clumps  are 

18 
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fonnetl.  According  to  the  completeness  of  tbe  peaclion,  either  all  of 
the  bacilli  ttmy  finHlIy  become  clunipeil  ami  inininhilized  or  only  a  small 
portion  of  tliein.  the  rest  remaining?  freely  motib,  nnd  those  cluinpeil 
may  appear  to  be  stru^rling  fur  frecduin.  With  blood  eoutaiuuig  a 
targe  amount  of  agglutinating  sul>stance3  all  the  gradations  in  tlic 
intensity  of  the  reaction  may  be  obser\'ed,  from  those  shown  in  a 
marked  and  immediate  reaction  to  those  appearing  in  a  late  and  in* 
definite  one,  by  simply  varying  the  proportion  of  blood  added  to  tlte 
culture  fluid. 

PsEunoR FACTION'S. — It  too  Concentrated  a  solution  of  drieil  hlood 
from  a  healthy  person  b  employed  a  picture  is  often  obtained  which 
may  tte  mistaken  for  a  reaction.  Dissolved  blood  always  shows  a  varj"- 
ing  amount  of  detritus,  partly  in  tbe  form  of  fibrinous  clumps;  and 
prolonged  microscopic  examination  of  the  mixture  of  dissolved  blood 
with  a  culture  fluid  shows  that  the  bacilli,  inhibited  by  substunce:i  in  tlie 
hlood,  often  become  more  or  less  entangled  in  these  clumps,  and  in 
the  course  of  one-half  to  one  hour  very  few  isolated  mottle  bacteria  are 
.seen.  The  fibrinous  clumps  alone,  especially  if  examined  witli  a  poor 
light  by  a  beginner,  may  be  easily  mistaken  for  clumps  of  bacilli.  Again, 
the  bacilli  may  become  fixed  after  remaining  for  one-half  to  two  hours, 
by  slight  drying  of  the  drop  or  the  effect  of  substances  on  tbe  cover- 
glass.  The  reaction  in  typhoid  is  chiefly  due  to  specific  substances, 
but  clumping  and  inhibition  of  movement  similar  in  character  may  be 
caused  by  other  substances  such  as  exist  in  normal  horse  and  other 
scrums.  This  is  a  very  unportant  fact  to  keep  in  mind.  (For  details 
of  technique  see  pages  Sl-.s;j.) 

In  pseu  do  reactions  AVilson  has  noticed  that  many  free  bacilli  are 
apt  to  be  gathered  at  the  margin  of  the  hanging  drop. 

Use  of  aemm.  Mode  of  Obtaining  Serusi  for  Examination. — 
Fluid  blood  serum  can  easily  be  obtained  in  two  ways:  First,  the  serum 
may  be  obtained  il!ra;tlt/  fmm  the  hloinl,  thus:  The  tip  of  (he  fiuger 
or  ear  is  pricked  with  a  !ancet-.s|iaped  needle,  and  the  bloo<i  as  it  issues 
b  allowed  to  fill  by  gravity  a  capillary  tube  having  a  central  bulb.  Tbe 
ends  of  the  tube  are  then  sealed  by  beat  or  melted  wax,  or  candle  grease, 
and  as  the  blood  clots  a  few  drops  of  serum  separate.  To  obtain  larger 
amounts  of  senim  for  a  micrascopic  examination  the  hlood  b  milked 
out  fmm  the  puncture  into  a  small  liomnopathic  vial  or  te-st-tube.  One 
cubic  centimetro  of  blood  can  ea,sily  fje  collected  in  this  way.  The 
vial  is  then  corked  and  placed  on  (he  ice  to  allow  the  scnim  to  sepa- 
rate. As  a  rule  one  or  two  dmps  of  serum  are  obtainable  at  the  end 
of  three  or  four  hours.  Second,  the  serum  may  be  obtained  from 
blislrrit.  Thb  gives  more  scrum,  but  causes  twelve  hours*  delay.  The 
metliod  b  as  follows:  A  section  of  cantharides  phister,  the  size  of  a 
&-cent  piece,  is  applied  to  the  skin  at  some  spot  on  the  chest  or  abdo- 
men. A  blbter  forms  in  from  six  to  eighteen  hours.  Thb  should  be 
protected  from  injury  by  a  vaccine  shield  or  bunion  plaster.  The  serum 
from  the  blister  is  collected  in  a  capillar)'  tube,  the  ends  of  which  are 
then  sealed.    Several  drops  of  the  serum  can  easily  be  obtained  from  a 
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blister  so  small  that  Jt  is  practically  painless  and  harmless.    The  serum 
obtained  is  clear  and  admirably  suited  for  the  test. 

ADVANTAOE8    AND    PlSADVANTAGES    OF    SeRI'M.    DhiED    BlOOD  AND 

Flctd  Br.ooi)  KOR  THK  SERni  Test. — The  dried  hlixxi  is  easily  aiid 
qnicklv  obtained,  and  does  not  deteriornte  or  become  eontnniinHted  by 
bacterial  growth.  Il  is  n-adily  tntiis|nirted.  and  seems  to  be  of  nearly 
erjtml  strength  with  the  serum  in  its  nggUitirmting  properties.  It  must 
in  use,  however,  be  diluted  with  at  least  five  limes  its  bulk  of  water, 
otherwise  it  is  too  viscid  to  be  properly  employed.  The  amount  of 
dilution  can  only  be  determined  roughly  by  tlve  color  of  the  resulting 
mixture,  for  it  is  impossil)le  to  estimate  accurately  the  amount  of  dried 
blood  from  the  .size  of  the  drop,  and  it  is  too  much  trouble  to  weigh  it 
accurately.  Serum,  on  the  other  hand,  can  be  used  in  any  dilution 
desired,  varying  from  a  mixture  which  contains  ei|nal  parts  of  .'^crurn 
and  broth  culture  to  that  containing  1  part  of  seniin  to  100  jMirts  of 
culture  or  more,  and  this  can  l)e  exactly  incasurtKl  by  a  graduated  pipette, 
or,  roughly,  by  u  rneusuretl  platinum  loop.  The  disadvantages  in  the  use 
oi  serum  are  entirely  due  to  the  slight  difficulty  in  collecting  and  trans- 
p'jrting  it,  and  the  delay  in  obtaining  it  when  a  blister  is  employed.  If 
the  scrum  is  obtained  from  blooti  after  clotting  has  occurred  n  greater 
r]Uantity  of  blood  must  be  drawn  than  is  necessary  when  the  dried-blood 
nietho<i  is  used ;  if  it  is  obtaineil  from  a  blister,  a  delay  of  six  tn  eigliteen 
hours  is  required.  The  transportation  of  the  serum  in  eapillary  tubes 
presents  no  difiiculties  if  tiili«\s  of  sufficiently  thick  and  tough  glass  are 
finployed  and  placed  in  d'ny  wot>den  l>oxes.  For  scientific  investiga- 
tions and  for  accurate  results,  particularly  in  obscure  cases,  the  use  of 
8uid  serum  is  to  be  preferred  to  drieti  blood.  Practically,  however,  th<^ 
LMults  are  nearly  as  good  for  diagnostic  purposes  from  the  dried  blood 
Hi  from  the  serum. 

~  Ki.iio  Hi.oon. — When   projierly   obtaiue<i   this    gives    good   results. 

llie  Thoma-Zeiss  blooti  pipette  is  very  useful.     Jjiiice  finger-tip  or 

I  ear  and  draw  the  blood  into  the  pipette  to  the  mark  0.5.     Then  distilied 

i  water  is  sucked  up  in  suflic'lent  amount  to  make  the  desired  solution. 

One  loop  of  thi'^  is  added  to  one  loop  of  bouillon  culture. 

TilK  CuLTitRt:  To  UK  Emplovri). — It   is  im|wirtnnt  that  the  culture 

employed  for  serum-tests  sliouUI  l>e  a  suitable  one,  for  aitJiough  all 

cultures  show   the   reaction,  yet  some  respond  much  better  and  in 

L^iglier  dilutions  than  others.    Cultures  freshly  obtained  from  typhoid 

Hpes  are  not  as  sensitive  as  those  gro-vn  for  some  time  on  nutrient 

Hnedia.     iVcrease  in  virulence  is  apt  to  tie  accompanied  by  increase  of 

caiHicity  for  ai^lutinntion.     For  the  |«ist  seven  years  we  have  used  a 

culture  oblaineii  from  PfcifTer.     A  broth  culture  of  the  typhoid  bacillus 

HBTcloped  at  20*^  to  35**  C.  not  over  twenty-four  hours  old,  in  which  the 

^pcilli  are  isolated  and  actively  motile,  has  l>een  found  to  give  us  the 

Hnost  satisfactor}-  results.     Cultures  grown  at  temperatures  over  38*'  C. 

are  not  apt  to  agglutinate  so  well  as  those  grown  at  lower  temperatures. 

Stock  cultures  of  t}^hoid  bacilli  can  be  preserved  on  nutrient  agar  in 

aealed  tul»e3  and  kept  in  the  ice-lwx.    Ttiese  remain  alive  for  months  or 
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even  years.     From  time  to  time  one  of  these  is  taken  out  and  u^^ed  toj 
start  a  fresh  series  of  bouillorL  cultures. 

DiLCTION    OF    THE    UlOOD   SERUM    TO    BE    EMPLOYED    AND    Twk\ 

REQtriRF.D  FOR  TEE  Dkvei.opuknt  OF  Kf-actiox. — The  s«nini  test,, 
as  has  been  pointed  out,  is  r)uj)ntitutive  and  not  c|(ialituiive.     Hy  this 
it  is  not  meant  to  assert  that  all  tlie  agi^hitiiiatin^  sulKitancrs  produceil 
in  the  blood  of  a  patient  suffering  from  typhoid  infection  are  the  same 
as  those  present  in  small  amount  iu  normal  hlood.  or  those  produced 
in  the  blood  of  persons  sick  from  other  infections.     It  is  true,  however, 
that  the  apparent  effect  upon  the  bacilli   is  identical,  the  difference' 
being  that  in  tj7>hoid  fever,  as  a  rule,  substances  which  cause  this 
reaction  are  usually  far  in  excess  of  the  amount  which  ever  appears  in 
non-typhoid  blood,  so  that  the  reaction  occurs  after  the  addition  to  the 
culture  of  far  smaller  quantities  of  serum  llmti  in  otiter  ili.sease«,  or 
when  tlic  same  dilution  is  used  it  occurs  far  more  tpnekly  and  completely 
willt  the  typhoid  senmi.     The  agglutinins  which  develop  in  nniinnU 
after  immuniz&tiou  with  many  bacilli  comprise  those  which  are  specific 
and  those  whicli   have  affinity   for  widely  differing  varieties.      (tseC' 
chapter  on  Agglutinins.)     It  is  most  important  to  remember  (hat  it  isi 
purely  a  matter  of  experience  to  determine  in  any  type  of  iiifectitm 
what  degree  of  agglutinating  strength   in  a  ."ennn  is  of   diagnostic, 
value. 

The  results  obtaiued  in  the  Health  l^partment  Laboratories,  as 
well  as  elsewhere,  have  shown  tJiat  in  a  certain  prf>portion  of  cases 
not  typhoid  fever  a  slow  reaction  tn-curs  in  a  1:10  dilution  of 
aerum  or  blood;  but  very  rarely  docs  a  complete  reaction  occur  in 
this  dilution  within  fifteen  niintties.  When  dried  blood  is  used  tltc 
slight  tendency  of  non-tj-phoid  blood  in  1:10  dilution  to  produce 
agglutination  is  increased  by  the  presence  of  the  fibrinous  clumps, 
and  perhaps  by  other  sulkstances  derived  from  the  disititegraled  blood 
celb. 

From  many  cases  examined  it  has  been  found  tliat  in  dilutiims 
of  1:20  a  quick  reaction  is  almost  never  produced  in  anv  febrile  db- 
ease  other  than  that  due  to  (yphnid  or  poralyphoid  bacillus  infection, 
while  in  typhoid  fever  such  a  dLstiiict  reaction  often  occurs  with  <lihi- 
tions  of  1 :  100  or  more.  It  is  possible  that  sume  cases  of  paratyphoid 
infection  give  a  prompt  reaction  in  1:20  dilutions,  but  if  this  is  so,  iti 
is  not  a  serious  drawback. 

The  mode  of  procedure,  therefore,  as  now  employed  is  as  follows: 
The  test  is  first  made  with  the  tj'phoid  I»jicillus  in  a  !>  per  cent,  .solution 
of  serum  or  blood.  In  the  case  of  scrum,  one  part  of  a  1 :  10  chlutlon  is 
added  to  one  of  the  bouillon  culture.  With  dried  blood,  a  solution  of 
tlie  blood  is  Hrst  made,  aud  the  dihitiou  gviessed  from  the  color,  To 
obtain  an  idea  of  the  dilution  by  the  color,  known  amounts  of  blood 
are  dried  and  then  mLved  with  definite  amounts  of  water;  the  colors 
resulting  are  fixed  in  the  memory  as  guides  for  future  tests.  If  there  is 
no  Peaelion — that  is  to  say,  if  within  five  minutes  no  markeil  change 
ts  noted  in  the  motility  of  the  bacilli,  and  no  clumping  occurs — nothiug 


THE  TYPHOID  BACILLUS 


277 


more  is  needed;  the  result  is  negative.  If  luurked  clunipiug  and 
inuiiobilization  of  tlic  bacilli  immediately  be;;in  and  become  complete 
within  five  minutes,  this  is  tenned  a  marked  imvicdiaic  typhoid 
Ttaction,  and  no  further  test  is  considered  necessary,  though  it  is 
always  udvisuble  to  confirm  the  reaction  with  hirjhcr  dilutions  up  lo 
1 :50  or  iuoit,  so  iis  to  nu-asnrc  the  i-xact  strcnjrth  of  the  reaction.  If 
in  the  1:20  cHlution  a  complete  reaction  takes  plaw*  within  thirty 
minutes,  the  blcHxl  is  considered  to  have  come  from  a  case  of  typhoid 
infection,  while  if  a  less  complete  reaction  occurs  it  is  considen^l  that 
only  a  probability  of  typhoid  infection  has  been  established.  By  many 
the  time  allowed  for  the  development  of  the  reaction  with  the  high 
dilutions  is  from  one  to  two  hours,  but  to  cis  thirty  minutes  with  tlie 
comparatively  low  dilution  of  1:20  seems  safer  and  more  con\*enient. 
Positive  results  obtained  in  this  way  may  be  considered  conclusive, 
unless  there  l>e  grounds  for  suspecting  that  the  reaction  may  be  due 
lo  a  previous  fairly  recent  attack.  In  our  opinion  the  failure  of  the 
reaction  in  one  examination  by  no  means  excludes  the  presence  of 
typhoid  infection.  If  the  case  clinically  remains  doubtful,  the  examina- 
tion should  Iw  repeate<l  within  a  few  days. 

L'eE  OF  Dkau  Ci'LTi'iths. — Properly  killetl  t^-phoid  bacilli  respond 
well  to  the  agglutination  test.  For  the  phj-sician  at  his  office  the 
deail  Imnlli  offer  many  advantages.  The  reaction  is  slower  than 
with  the  living  cultures  and  is  observed  either  mncroscopically  or 
micro-scopicaily.  A  number  of  firms  now  supply  outfits  for  the  senim 
test.  'ITicse  outfits  consist  of  a  number  of  small  IuIm-s  conlaining  an 
emulsion  of  dead  tj'pboid  bacilli.     Directious  accompany  the  outfit. 

PaopoRTioN  OF  Cases  op  Typhoid  Fever  ix  whice  a  Definite 

RtVCTIO.N  OCCIIHS,  AND  TIIK  'I'iHE  OK  1T8  APPEARANCE. — .\s  tllC  rCSult 

of  a  large  number  of  cases  examined  in  the  Health  Department  La!)o- 
ratories,  it  was  fouml  that  about  20  per  cent,  gave  positive  residls 
in  the  first  week,  about  GO  per  cent,  in  the  second  week,  about  80  per 
cent,  in  tlie  third  week,  about  00  per  cent  in  the  fourth  week,  and 
about  75  per  cent,  in  the  second  month  of  the  disease.  In  S8  per 
cent,  of  the  cnses  in  which  rei>eiited  examinations  were  made  (hospital 
ciises)  a  definite  typhoid  reaction  was  present  at  some  time  during  the 
illness. 

Persistence  of  toe  Reaction. — In  persons  who  hare  lecovcred 
from  typhoiil  fever  this  peculiar  property  of  the  bloo^I  .senim  may 
persist  for  a  number  of  niontlis.  Thus  .i  definite  typhoid  reaction  has 
been  observed  from  three  months  to  a  year  after  convalescence, 
•tid  a  slight  reaction,  though  much  less  thau  sufficient  to  establish  a 
diagnosis  of  tj-phoid  infection,  from  one  to  fifteen  years  after  the  tILsease. 

Reaction  with  tuk  Bloop  Serum  of  Healthy  Per&onb  and 
OF  Tho6f,  111  witu  HisF^^srs  other  than  Typhoid  Fever.—  In  the 
blood  serum  of  over  one  hundred  healthy  persons  examined  in  the 
Health  Department  Laboratories  an  immediate  marked  reaction  has  not 
been  observed  in  a  1 :  10  dilution.  In  severa.1  hundred  cases  of  diseases, 
eventually  not. believed  by  the  physicians  in  charge  to  be   typhoid 
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fever,  only  very  rarely  did  Ihe  serum  give  a  marked  iniine<liale  relic- 
tion ill  a  1 :  10  dihitioi!.  In  ihe  liplit  of  pHst  ex[KTiciiee,  I  Ijelieve  a 
typlioid  or  paratyphoid  iiifrelion,  though  not  a  typical  tji>lioiiJ  fever, 
to  have  existeil  in  these  cases.  These  reaiths  have  been  confirmed  by 
others,  the  qnesliori  of  iliUitioii  having  recently  been  maile  the  snbjcet  of 
elul>nml»*  iiivestigiilions,  wllh  (he  view  of  determining,  if  [Kissible.  at 
what  ilihillon  the  typhoiti  serniii  would  react  while  oiIkts  would  not. 
Thtis,  Schidiz  rejjons  that  among  I(X)  cases  of  non-typlmid  febrile 
diseases  apparently  punitive  results  were  obtained  in  19  with  dilutions 
of  1 : 5,  in  1 1  of  the.se  with  1 :  10,  in  7  with  1 :  15,  in  3  with  1 :  20,  and  in 
1  a  ver\  faint  reaction  with  1 :2.>;  wlierea.s,  in  as  many  cases  of  true 
ty])hoid  he  never  faileri  with  dilution?  of  1 :  .V).  In  these  experiments 
it  must  l>e  noteil,  however,  that  the  time  limit  wuh  from  oi»e  to  two 
hours.  A  faint  reaction  with  a  1 : 2.i  dilution  with  a  time  limit  of  two 
hours  indicates  less  aggtutlmttiiig  siiljistAnce  tlian  an  immediate  com- 
plete resietion  witli  a  1:10  dilution, 

Frtmi  an  experience  with  (he  practical  application  of  the  serum  test 
for  the  diagnosis  of  typhoiil  fever  extending  over  seven  years,  it  may 
be  said  that  this  method  of  diagnosis  Is  simple  and  easy  of  performunce 
in  the  laborator."  by  an  expert  Iwicteriologist,  but  it  is  not  to  be  recom- 
mended for  routine  employment  by  pracli.'^ing  physicians  as  a  clini<iil 
test  unless  they  have  h;id  experience;  (hat  with  the  mo<liHcations  as 
DOW  einplo^'eil,  and  due  regard  to  the  avoidance  of  all  possihle  sources 
of  error,  it  is  as  reliable  a  method  as  any  other  liacleriological  test  at 
present  in  use;  and  that  as  such  the  tJrutxT-Widal  test  is  an  indis- 
pensable, though  not  absolutely  itifullible,  aid  in  the  clinical  djagu<isis 
of  irregular  or  slightly  marked  typhoid  fever. 

laolation  of  Typhoid  Bacilli  from  Suspected  FeceA.  Urine,  Blood,  Water, 
etc. — In  the  bacteriological  study  of  t\"phoid  infection  fur  diagnostic 
an<!  other  purposes,  attempts  have  been  made  to  isolate  the  sjH'ciHc 
bacilli  from  the  bl(x>d,  rose  spots,  sweat,  urine,  feces,  ami  by  spleen 
puncture.  Although  the  results  obtained  by  puncture  of  the  spleen 
have  l>een  encouraging  imd  have  thrown  light  upon  the  distribution 
of  the  organism  in  the  Iwdy  during  life,  yet  as  a  regular  means  of  diag- 
nosis it  is  to  be  discouragwi.  on  account  of  the  possible  danger  to  (he 
patient.  The  results  of  the  examination  of  the  blowj  and  riKse  sjmhs 
of  typlioid  patients  have  in  the  main  proved  unsatisfactory,  though 
the  investigations  of  some  of  the  later  observers  have  given  a  largi* 
percentage  of  positive  results  from  the  blood.  'I'he  examination  of  (he 
urine  and  feces  of  typhoid  [>a(ient.s  has  more  often  given  positive 
results  than  the  bltM>d,  and  these  p(i.si(ive  n'sults  have  become  nwTv 
freciuent  and  si)tisfac(ory  as  the  methods  for  (h'fTerentiating  llie  liacilliu 
typhosus  have  grtnvn  more  exact  ami  refined. 

Several  media  recently  deviseil  fur  the  isolation  and  identification  of 
the  typhoid  l>acilhis  are  much  Ix'lter  than  any  of  tho»e  ftirmerly  use<b 
l^hese  are  (he  Hiss,  fapakli,  <L'onradi,  l>rigali^,  and  Eisner  mnlia. 
Ill  tlie  hands  of  tndned  luicU>riologists  tliey  give  satisfactory  results. 
Tlie  first  three  sulfice  for  all  ortlinary  purposes. 
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Thk  lliaa  Mkdi\:  Thkir  CoMPosmojj  and  PREPAii-\TroN.' — Two 
media  are  used:  one  Tor  lhi>  isolatttm  of  tde  typhoid  biioilhis  by  plate 
culture,  and  (we  for  t)>t*  difTrifntiiLtioti  of  tiie  typhoid  Uueillus  from  all 
other  fomis  in  pure  culture  in  tul>es. 

The  pUiting  inedxum  is  composed  of  10  grains  of  agar,  25  grains  of 
pelHtii),  5  Kniins  of  soclium  chloride,  5  grains  of  Liebijf's  beef  extract, 
10  grams  of  glucose,  and  1000  c.<'.  of  water.  \Ylien  the  agar  is  thor- 
oughly melted  the  gelatin  is  added  and  completely  dissolved  by  a  few 
minutes'  Vtoiling.  Tlte  meiliuni  is  then  lilrateil,  To  determine  its  reaty 
tion,  phenolphtlinlein  lieiiig  used  a*  the  indicjitor.  The  requisite 
amount  of  noritiiil  liydnM^hloric  acirl  or  sodium  hydrate  solution  is 
added  to  bring  it  io  the  desired  reaction^ — l.  r.,  u  reaction  iiiHicating 
2  per  cent,  of  normal  acid.  To  clear  tlie  medium  add  one  or  two  eggs, 
well  beaten  in  25  c.c.  of  water,  boil  for  forty-five  minutes,  ami  filter 
through  a  thin  filter  of  absorbent  cot- 
ton. Add  the  glucose,  after  clearing. 
The  reaction  of  the  medium  i.s  most 
important ;  it  should  never  contain 
less  than  2  per  cent,  of  normal  acid.  £i  ^^^H  \^ 

The   tiiife   metliuni   contains  agar.  Tj  *^ 

^rams;  gelatin,  .SO  grams;  sodium 
ciiloritle,  5    grams  ;    meat    extract,    5     '  , 

grams,  and  glucose,  10  grams  to  the 
Utre  of  water,  and  reacts  1.5  per  cent. 

acid    by    the    indicator.     The    mode  ^  '  / 

of  preparation  is  the  same  as  for  the 
plate  medium,  care  taking  taken  always 
to  add  the  gehitin  after  the  agar  is 
thoroughly  meltetl,  so  as  not  tu  alter 


riu.  H 


Ilkai'  [>lftl4!  tneilU  :  8maU  Ugtl  cilonr  (ft 
U  cnmiNned  or  triiholil  bAclItl  -.  large  colonj 


this  ingnvhent  by  prolongt-c]  r^fXBure  („  ^r wiwi  tadUL   iProuBta.} 

to  high  temperature.     The  glucose  is 

adiled   after  clearing-     The  mediLiiu   must  contain   1.5  per  cent,  of 

nonual  acid. 

GrouJth  of  (he  Coloniet. — The  growth  of  the  typhoid  bacilli  in  plates 
made  from  the  medium  as  above  described  gives  rise  to  small  colonies 
with  irregidar  outgrowtli  and  fringing  tlurads  (lig.  94).  The  colon 
colonies,  on  the  other  hand,  are  much  larger,  and,  as  a  nile.  are 
darker  in  color  anri  ilo  not  form  threafls.  The  growth  of  the  tvphoid 
bacilli  in  tubes  proiluces  uniform  clouding  at  37°  C.  nnthin  eighteen 
liours.  Tlie  colon  ciiltunss  do  not  give  the  luiiform  clomling,  and 
present  several  ap[>earance3,  probably  depeialent  upon  (Jifferences  in 
the  degree  of  their  iriotility  and  gas-producing  properties  in  media. 
Sotnc  of  the  varieties  of  the  colon  bacillus  grow  only  locally  where  they 
wen-  htoculated  hy  the  platinum  needle.  Others  grow  dilTnsely  through 
the  medium,  but  owing  to  the  production  of  gas  and  the  passage  of 


■  Till*  <lMMt|>tl(i(i  l«  Ukeii  from  iin  arllclc  br  nr.  I'hlUp  llaiitmn  Ulioi.  Jr..  "  On  •  Method  dT  Ik^ 
IMiW  Mid  IdctiliryiiiK  BMVlllut  TypbuiUi  wid  Memtieniut  tbu  CoUiD  Uroiip  In  8emtKillil  Cultan 
Madia,"  pnbltoliKl  In  Uic  Joarna)  of  Ri|>eriin«iit«I  Modldnn.  Ii^r,  toI.  U.,  Nu.  ft, 
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gBS-bubb)es  through  the  medium,  clear  streaks  ramify  through  the 
otherwise  diffusely  clouily  tube  contents.  This  characteristic  appear- 
ance is  not  produced  when  the  medium  is  incorrect  in  reaction  or  in 
consistency.  With  untried  media  it  is  always  well  to  insert  a  platinum 
wire  into  the  tube  contents  and  stir  them  nboul;  if  any  pis  is  liberated 
the  culture  is  not  one  of  the  typhoid  Ijaoillus  and  the  medium  is  not 
correct . 

Method  of  Making  the  TeH. — The  usual  method  of  making  the  test 
is  to  take  enough  of  the  specimen  of  feces  or  urine — i. «?.,  from  one  to 
several  loops — and  transfer  it  to  a  tube  conlainiuf;  broth.  From  this 
emulsion  in  broth  Bve  or  six  plates  are  gent-rally  made  by  traosferring 
one  to  tive  loops  of  the  emulsion  to  tubes  containing  the  melted  plate 
medium,  and  tiien  pouring  the  contents  of  these  tubes  into  Petri  dishes. 
These  dishes  are  placed  in  the  incubator  at  37°  C.  and  allowed  to  remain 
for  eighteen  to  twenty-four  hours,  when  t)iey  may  be  examine«l.  If 
typical  thread-forming  colonies  are  found  the  tube  medium  is  inocu- 
lated from  tliem.  and  the  growth  in  the  ttil»es  allowed  to  develop  for 
about  eighteen  hours  a^  37°  C  If  these  tulles  then  present  the  chnrac- 
teiistic  clouding,  experience  indicates  that  the  diagnosis  of  typhoid 
niay  be  safely  made,  for  the  typhoid  bacillus  alone,  of  all  the  organisms 
investigated,  has  disj>kyed  the  power  of  giving  rise  both  to  the  thread- 
forming  colonies  in  the  plating  medium  and  the  uniform  clouding  in 
the  tube  medium  when  exposed  to  a  tempernlure  of  37°  C.  The  organ- 
isms isolated  in  tliis  manner  have  Ijeen  subjected  to  the  usual  tests  fop 
the  recognilioii  of  the  bacillus  typhosus,  and  have  alwax-s  eorn-spondi'*! 
in  all  their  reactions  to  those  given  by  the  typical  typhoid  bacillus. 

Tn-R  Capaldi  Plate  Mkdicm. — in  his  origiiial  paper,  Capnldi 
gives  the  following  recipe; 

Aqtik  dcst lOon 

UvUtio 30 

Mannite  [|{rn|)e-i>ii|i^r)         ......  10 

Sodium  chtnritle          .......  5 

Potaatium  chloride 5 

^il,  filler,  Add  2  per  ccnl.  iiitnr  niu)  lUcc.  of  nonoftl  MXlic  hydrate  mtuUon 
lilUr,  Slid  MeriUw. 


In  making  up  the  medium  fur  work  the  only  variation  was  that  in 
the  original  recipe  the  agar  was  a<lded  when  the  gelatin  was  put  in,  and 
the  gelatin  whs  added  after  the  first  filtration. 

The  ('HpHJdl  mediutii  is  tisually  employed  for  surface  cultures,  but 
can  lie  inoculated  while  melted  in  the  tubes.  Plates  may  be  made 
beforehand,  so  that  they  are  ready  for  use  when  the  specimen  comes 
in.  .Vs  these  plates  are  to  be  kept  at  37^  T.,  the  difhculfics  in  regard 
to  teniperalure  arc  avoided;  but,  unlike  the  Klsncr  plates,  other  organ- 
isms besides  the  colon  and  t_\*phoid  develop  and  may  cause  some  con- 
fusion. In  making  the  plates  one  or  two  are  inoculated  by  gently  carrj-- 
iiig  across  their  surface  a  platinum  loop  of  feces  or  urine.    Others  are 
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Chen  inoculated  with  a  loop  of  urine  or  much  diluted  feces.  In  thU 
way  we  are  apt  to  have  some  platen  with  just  the  right  amount  of 
colonies. 

Ajypearance  of  ihs  Co^omVff.— Capaldi  thus  describes  the  differentia- 
tion: Typhoid — Small,  listening,  transparent,  almost  colorless  eoloiiieA 
( by  reflected  light,  blue).  Colon— Large,  milky  colonies  (reflected 
light,  brown). 

In  using  the  medium  it  was  found  that  even  in  a  pure  ptate  of  typhoid 
the  colonies  vary  much  in  size  and  appearance,  while  different  tj'phoida 
show  individual  differences  in  growth.  In  general,  a  me«lium-sized, 
tjra^white  colony,  witli  a  few  refractive  gratmles,  is  the  typhoid. 
However,  it  is  often  transparent,  witliout  the  refractive  granules; 
sometimes  witli  a  nuclear  centre,  and  suntetinies  of  equal  consistency 
throughout.  Streptococci  simulate  typhoid,  but  a  high-power  lens  wiU 
show  the  coccus. 

Colon  colonies  are  usually  much  larger  than  the  typhoid — a  decided 
brown  color,  verj'  large,  refractive  granules,  and  in  general  quite  dif- 
ferent in  appearance  (Fig.  95). 

KlO.  M 


Oblonlciol  oalon  bwllllon  C&|WldI  Eacdtuni  vllghlljr  mA£Rtllcd.    TTpbOld  OOlOOM  ftf  auee 
ilw  tutuitllj  b&v«  tio  tlM-k.  yraimlM. 


The  best  way  to  work  with  the  Capaldi  medium  is  to  make  several 
plates  with  different  t)*plioid  cultures,  observe  carefully  all  the  varia- 
tions in  tlie  colonies,  and  bear  these  in  mind  when  working  with  the 
mixed  plates.  After  these  precautions  have  Ijeen  taken  the  meiltum 
will  be  found  very  satisfactury.  The  culonieti,  a&  a  rule,  appc^ar  cliur- 
acterUtically  in  twelve  to  eighteen  hours,  and  thus  give  a  quick  metluxl 
of  diagnosis. 

We  found  that  the  two  media  (Capaldi  and  Hiss)  work  excellently 
together,  as  one  is  an  aid  to  the  otiier.  When  many  colonies  of  the 
tv-phoid  bacilli  were  present  the  points  of  differentiation  were  usually 
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easily  seen  upon  both  media,  and  the  two  togetlier  made  diagnosis 
almast  certain.  Tlie  harilli  from  the  suspecteti  typhoid  colonies  can 
be  quickly  tested,  sufliciently  for  practical  |)nrnoses,  ou  the  Hiss  tube 
medium,  and  by  the  reaction  between  the  Iwcilli  and  the  serum  from 
an  immunized  horse. 

Typhoiu  Mldii  m  or  von  DiacALSKi  ani>  Coxradi. — These  autliors 
modified  lactose  litmus  a^ir  by  addin<r  to  it  nutrose  and  crystal  notet 
and  by  nsing  .t  per  cent,  of  agar  instead  of  2  per  cent.  'I'he  crystal 
violet  strongly  inhibits  the  growth  of  uiany  other  bacteria,  especially 
cocci,  which  would  also  color  the  medium  red;  the  3  per  rent,  agat 
makes  the  difTusiun  of  the  acid  which  i.s  fornu-d  more  dilficTilt- 

Three  pounds  of  chopped  beef  are  allowed  to  stand  twenty-four 
houra  with  2  litres  of  water.  The  meat  infusion  is  boiled  one  hour 
and  filtered.  20  grams  >Vitte's  peptone,  20  grams  nutrose,  and  10 
grams  of  salt  arc  then  added,  and  die  mixture  boiled  another  hour. 
After  liltmtion  and  the  adilitiou  of  00  grams  agar  tlie  mixture  is  boiled 
for  three  hours,  alkalized  and  filtered.  In  the  mean  time  '.iiM  c.c. 
litmus  solution  (Kalilbaura)  are  boiled  for  fifteen  minutes  witli  30 
grams  lactose.  Both  solutions  are  then  mixed  and  the  mixture,  which 
is  now  red,  faintly  allcahzed  with  10  per  cent,  soda  .solution.  To  this 
feebly  alkaline  mixture  4  cc.  hot  sterile  10  per  cent,  soda  st^lulion 
are  uddeil  and  20  c.c.  of  a  sterile  solution  {0.1:100)  of  crj-stal  violet 
Hochst  B. 

Plates  are  made  of  this  in  tlie  usual  way.  The  material  to  be 
exannned  (stools  first  diluted  with  ten  volumes  of  0.8  per  rent,  salt 
solution)  in  spread  directly  on  tlie  surface  of  the  plates,  and  these  tlien 
allowed  to  stand  slightly  open  For  about  half  an  hour  in  order  tliat 
they  may  dry  .somewhat.  They  are  then  placi-d  inverted  ijito  the 
incubator  for  fr.nn  sixteen  U>  twenty-four  hours.  Typhoid  r-olonies  are 
small  (I  to  3  mm.),  transparent,  and  blue;  colon  colonies  are  red, 
coarser,  less  transparent,  and  larger.  The  suspected  colonies  can  at 
once  he  tested  for  agglutination  with  a  high  grade  t}'phoid  serum. 

In  ^^'eneral  this  metliod  has  withstood  critical  tests  and  it  is  DO^^'adays 
regarded  as  one  of  tlie  very  best. 

As  to  the  comparative  merits  of  the  four  media,  it  is  pmhably  safe 
to  say  that  any  one  of  them  will,  in  the  liamls  of  one  accustomed  to 
them,  reveal  the  typhoid  bacilli,  except  perlmi^s  when  tliey  exist  in 
only  the  most  minute  niimbei^.  The  Eisner  method  luis  the  objec- 
tion that  it  is  vePr*  difhctdt  to  work  with  in  hot  weather.  The  Hiss 
plate  medium  lias  the  objection  that  it  is  a  dilUcult  medium  to  pre- 
pare. If  the  acidity  is  not  just  right  the  thread  outgrowths  do  not 
appear.  Indeetl,  t^he  only  sure  way  is  to  test  a  new  batch  of  medium 
M*itli  a  pure  culture  and  alter  the  reaction  until  the  cidlure  grows  cor- 
reedy.  A  very  few  varieties  of  the  t\'phoid  bacillus  do  not  produce 
typical  thread  oulgrowtlts  from  the  o«>lonies.  In  the  I>rigal.<ki 
medium  the  typhoid  colonies  are  easily  separated  from  those  of  the 
colun  bacilli,  but  there  are  other  intestinal  bacteria  which  grow  like 
them. 
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The  Capaldi  meHiiim  has  the  objection  that  some  of  the  typhniil 
and  some  of  the  culon  colonies  fre(]iieiitly  loiik  tniicli  alike.  If  one, 
however,  will  always  pick  out  the  rolotiies  wliirli  hiok  most  like  (he 
typhoifJ,  it  will  usually  turn  out  thut  typhuid  bacilli  have  Iteeii  obtaitied 
if  ftiiy  View  prpst'nt.  IVrsonnlly,  for  jjeiieral  use.  I  prefer  the  Cu|Milili 
or  Drij;alskJ  medium  fur  the  plule  cultures  and  the  Hiss  lube  MK-dium 
for  identifying  the  Iwicilli  obtaine^l.  Through  these  media  and  specific 
aBjrIutinaling  serum  we  are  now  iii  a  [jositiou  to  obtain  and  ideutify 
typhoid  hacilh  from  feces,  urine,  etc.,  within  forty-eight  hours. 

Typhoid  Bacilli  in  Fftcea. — Recently  numerous  investigations  have 
been  carricil  out  l<»  (ILsniver  how  frtipiently  ami  at  what  [leriod  in 
trphoid  fe\-er  iNieilti  were  present  in  the  feces  and  urine.  Hiss  some 
time  ago  examined  the  fews  in  43  consjccutlve  eases,  37  of  wlueh  wi-re 
in  the  febrile  stage  and  6  convalescent.  In  a  nunilier  of  instances 
only  one  stool  was  e.xainincd^  but  even  under  tliese  adverse  conditions 
the  avtrnge  of  positive  results  in  the  febrile  stage  was  06.6  |>er  cent. 
Out  of  26  CB9CS  of  (yphoiil  fever  exainiite<l  in  hospitals,  21  were  in 
the  febrile  stage  and  o  convalescent.  In  the  febrile  cases  in  17  the 
presence  of  t>'piioid  bacilli,  often  in  greal  nnml>ers,  was  demonstrateil. 
Thus  in  tliese  carefully  foUoweil  eases  the  .statistics  show  over  SO  per 
cent,  of  the  febrile  ciuses  positive.  The  bm-illi  were  isolateil  from  these 
cases  as  earlv  as  the  sixth  day,  and  ns  lute  as  the  thirtieth  day,  and  In 
a  case  of  relapse  on  the  fortv-seventli  ilny  of  the  disease.  The  con- 
valescent cases  gave  unifonnly  negative  results,  the  earliest  examination 
ha\*ing  been  made  on  the  third  (lay  after  the  disappearance  of  the  fever. 
Ilie  bacilli  seemed  to  be  more  numerous  in  the  stools  from  about  the 
tenth  or  twelfth  day  on.  These  observations,  with  regard  to  tlie  appear- 
anoe  of  the  bacilli  in  the  stuols  tturing  the  febrile  stage  and  their  usually 
quick  dLsnppearance  after  the  defer\'eseence,  have  Ijeeii  eontirmed  hy 
others.  The  liacilli  were  istilaterj  in  several  cases  in  which  no  Widal 
T«actioD  was  deraonstratwl.  Between  tlie  seventh  and  twcuty-Hrst  days 
of  the  disease,  experience  seems  to  indicate  that  the  bacilli  may  lie 
obtained  from  about  25  per  cent,  of  all  cases  on  the  tirst  examination 
and  from  about  7o  per  cent,  after  repealed  examinations.  In  some 
samples  of  feces  typtioid  l>acilli  die  out  within  twenty-four  hours;  in 
others  lliey  remain  alive  for  tlays  or  even  weeks.  This  seems  to  de|jend 
on  the  bacteria  present  in  the  feces  and  upon  its  cheniieal  character. 
Probably  the  presence  of  typhoid  bacilli  in  some  stools  and  their 
absence  in  others  mu.st  Im*  explaim-<l  largi-Iy  by  the  eharaeteristies  of 
(lie  intestinal  contents.  The  short  life  of  the  typhoid  bacillus  in  many 
specimens  of  feces  suggests  that  stools  be  cxaraiued  as  quickly  as  pos- 
sible. In  fact,  unless  the  physician  wishes  (o  take  the  trouble  to  have 
the  sample  of  feces  sent  inunetliately  to  tJic  laboratory,  it  is  hardly 
worth  while  for  the  bacteriologist  to  take  the  trouble  to  make  (he 
test. 

Tjphoid  Bacilli  in  the  TJrina. — Of  even  more  interest  tlian  the  pres- 
«nce  of  the  bacilli  in  feces  is  their  frequent  oeciirrenc*'  in  great 
numbers  in  the  urine.    The  results  of  the  examinations  of  others  as 
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well  as  our  own  indicate  tlmt  the  typhoid  bacilli  are  not  apt  to  be 
found  in  the  urine  until  the  l>eginiilng  of  the  third  week  of  the  fever, 
and  may  not  ap)K-iir  iiutit  much  hiter.  Pruin  tliis  on  to  coiivnlcscenc!« 
tliey  appear  in  about  25  per  cent,  of  the  coses,  usually  in  pure  culture 
arid  in  enormous  nuuibers.  Of  9  poisilive  cases  examined  by  Richard- 
son' 2  died  and  7  were  discharged.  At  the  time  of  their  discliurpe 
their  urine  was  loatled  with  typhoid  bncilli.  We  ha\-e  olwerxwl  similar 
caaes.  In  one  the  bacilli  persisted  for  five  weeks.  I'ndoubtedly  in 
exceptional  cases  they  persist  for  years.  When  we  think  of  the  chances 
such  cases  have  to  spread  infection  as  they  pass  from  place  to  place, 
we  begin  to  realiw  liow  rpideniics  ean  start  without  apjmrenl  cause. 
The  more  w^e  investigate  the  [jersistence  of  bacteria  in  convalescent 
ca.ses  of  disease,  the  more  difTjCult  the  prevention  of  their  dissemina- 
tion is  seen  to  be.  The  disinfection  of  the  urine  should  alwaj*s  be 
looked  after  in  typhoid  fever,  and  convalescents  ahoidd  not  be  allowed 
to  go  to  places  where  contamination  of  the  water  supply  is  jMxssible, 
without  at  least  warning  them  of  tlie  necessity  of  great  care  in  disin- 
fivting  their  urine  and  feces  for  some  weeks.  Hichardson  made  the 
interesting  discovery  that  after  washing  out  the  bladder  with  a  very 
weak  solution  of  hiehloride  of  mercury  the  t\'phoid  Iwcilli  no  longer 
appeared  in  the  urine. 

FantTphoid. — A  few  of  the  cases  of  "  typhoid  "  heretofore  descrilied 
as  giving  no  Gruber-Widal  reaction  were  undoubtedly  di;e  to  the  para- 
tifphoid  bacilli.  .\s  has  been  already  slate<],  this  is  the  name  by  which 
we  now,  in  conforniity  with  Schottmiiller,  ilesignate  a  bacilli  s  wliich 
stands  about  midway  between  B.  typhosus  and  B.  coli.  It  lias  been 
fnund  necessary  to  distinguish  two  varieties,  type  A  and  type  H,  which 
differ  also  in  their  agglutinating  property.  It  remains  to  lie  seen  whether 
we  shall  have  to  diiTerenliate  any  additional  tvpes.  There  are  no  certain 
distinguishing  features  to  separate  the  clinical  pictures  of  abdominal 
typhoid  and  paratyphoid.  Many  cases  of  pnnilyphoid  present  all  the 
classical  symptoms  of  typhoid.  According  to  Conradi,  vcn  Drigalskir 
and  Jtirgens  the  fever  cun-e  of  parat)'phoid  is  characterized  by  a  fairly 
sudden  rise,  an  irn^gular  course  of  the  temperature  with  almost  always 
an  absence  of  the  coniinua.  Besides  Ibis,  the  disease  h&s  a  lietter 
prognosis  and  a  slow  eonvulescence.  Aeconling  to  other  authors, 
enlargement  of  the  spleen  is  quite  often  al>sent  (de  Feyfer  and  Kayser 
missed  it  ui  42  per  cent,  of  the  cases),  whereas  an  involvement  of  the 
upper  portions  of  tlie  intestinal  tract  (gastric  fever!)  ts  more  common. 
Further  than  this,  it  is  unwise  to  lay  much  stress  on  peculiarities  in  the 
course  of  die  disease,  for  we  know  that  true  t^-pliojd  runs  a  variable 
course.  We  have  only  to  think  of  tlie  vast  difference  between  a  mild 
or  abortive  typhoid  and  a  fully  developer]  or,  better  still,  a  complicated 
case.  It  will  almost  always  l>e  ii«pasiible  to  separate  a  case  of  tnie 
tvpboid  from  a  panityphoid  bv  the  syniplouis  alone.  Al  the  most, 
auring  an  epidemic  the  general  course  of  the  diseoae,  when  it  agrees 
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will)  the  aliove  points,  may  cause  one  to  suspect  paratyphoid.  Schott- 
miiller  and  Kurth,  from  a  total  of  180  cases  which  hud  been  looked 
upon  as  typhoid,  were  able  in  12  vases  to  isolate  a  paratyphoid 
bacillus. 

Htineniiann  observed  a  whole  epidemic  in  wlilcli  typlioid-like  bac- 
teria, which  he  rejrardcd  as  the  cause  of  the  disease,  were  found  in 
the  blood.  The  Gruber-Wtdal  reaction  1 :  100  was  positive  in  only  4'2 
per  cent.;  the  newly  found  bacillus  was  always  aj^lutinated.  Similar 
Imports  concerning  an  epidemic  of  14  cases  in  Hotland  are  mode  by 
<le  Feyfer  and  Kayser;  and  Sion  and  Negel  report  one  from  Houmania. 
Fonuerly  none  of  thi-3e  cases  would  have  btHMi  dilTen-ntiated  from  true 
typhoid. 

DatecUon  of  Typhoid  Bacilli  in  Water. — There  is  aljsolutely  no  doubt 
that  the  contamination  of  streams  and  reservoirs  is  a  fi'eipient  cau.<ie 
of  the  outbreak  of  rpidcniics  of  tvphoid  fever,  but  the  actual  finding 
and  i.soiation  nf  the  bacilli  is  a  wry  rare  oenirrenee.  'Iliis  is  oflcn 
due  to  the  fact  that  the  ci>ntamLiintion  has  pas.sed  away  I»efore  the 
liaeterinlogieal  exaniinatinn  is  undrrtiiken,  aiul  also  t»  the  great 
(Itfficullies  met  with  in  detecting  a  few  typhoid  barilli  when  they  are 
associatLil  with  larj^i-  Tiumbcrs  of  other  baetrriii.  'Hii'  greater  the 
amount  of  CLUiliiuiination  entering  the  water,  and  the  shorter  the  time 
which  elapses  between  tlus  and  the  drinking  of  the  water,  the  greater  is 
the  danger. 

Differential  Diagnosis. — 'ITie  typhoid  bacillus  and  the  bacilli  of  the 
colon  group  resemble  ench  other  in  iniiny  n'.s]iects.  It  i.s  iiece-wnrv  to 
remember  that  there  are  many  varieties  of  bacilli  differing  in  both  culturni 
and  agglutination  reactions  which  are  grouped  under  the  general  iinnte 
of  the  colon  biu-illus.  Ry  conipdring  what  has  Ijeen  said  of  the 
bacillus  eoli  and  the  bacillus  typhosus  it  will  be  seen  that  while  certain 
varieties  of  each  siniuhile  each  other  in  many  respects,  the  charaRter- 
btic  varieties  of  each  still  po3.ses.<i  individual  characteri.<4tics  by  which 
they  may  be  readily  illfTerentinied: 

1.  The  motility  of  the  B.  coli  is,  as  a  rule,  much  less  Tnarked  than 
tliat  of  the  H.  typhasus.  The  colon  bai'illus  is  also  shorter,  thicker,  and 
has  fewer  Hagelln. 

2.  In  gelatin  the  colonies  of  the  colon  bacillus  develop  more  rapidly 
and  luxuriantly  than  those  of  the  typhoid  bacillus. 

3.  On  potato  the  growth  of  the  colon  bacillus  is  usually  rapid,  luxuri- 
ant, and  visible,  though  not  invariably  so;  while  thai  of  the  t^-phuid 
bacillus  is  ordinarily  invisible. 

4.  The  characteristic  colon  bacillus  coagulates  milk  in  from  thirty- 
six  to  forty-eight  hours  in  the  inonlwitor,  with  acid  reaction.  The 
typhoid  l>acillus  does  not  cau.se  coagulation. 

5.  TTie  colon  barilhi.s  i.**  con.spienons  for  its  power  of  causing  fer- 
mentation, with  the  pro/luction  of  gas  in  media  containing  glucose. 
The  typhoid  bacilliLS  never  dtws  tbis. 

6.  In  nutrient  agar  or  gelatin  containin|i;  lactose  and  litmus  tincture, 
and  of  a  slightly  alkaline  reaction,  the  color  of  the  colonies  of  the  colon 
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bacillus  is  pink,  and  the  .%urrountling  medium  becomes  red;  while  the 
colonies  of  the  typlmiH  Imrillus  are  Muc,  ami  there  U  lirtle  or  no  red- 
dening of  the  surrouTMliiij;  nie<]iuin.  The  siinie  points  liold  (nie  on 
the  Drigulski-Coiinuli  medium. 

7.  The  colon  hncillus  possesses  the  property  of  protJucittj;  indol  in 
cultures  of  bouillon  or  peptone;  the  characteristic  typhoid  bacillus 
does  not  produce  in<lol  in  these  solutions. 

8.  The  colon  bacillus  rarely  produces  thread  outgrowths  in  properly 
pre|)ared  llL^s  plate  medium.  The  typlioid  haciUu.9  produces  tlireud 
out^owths  and  smaller  colonies  in  this  inetlinm.  In  the  Hiss  lube 
medium  the  colon  bacillus  ])roduces  either  a  f^rowth  limited  to  the 
area  Inot-ulaleil  or  a  diffuse  grnwlli  streakei]  wi(Ii  elear  lines  arifl  sjwees. 
The  typhoid  bacillus  pnxluce.s  a  diffuse  growth,  evenly  elotiding  the 
entire  medium. 

9.  On  the  Capaldi  medium  the  colon  colonies  are  more  granular 
and  darker  than  those  of  the  tj'phoid  bacilli. 

10.  Finally,  on  testinfi  tite  bacilli  in  the  hanging  drop  with  the 
serum  of  animals  immunized  to  the  tj-phoid  l>acilius,  the  typhoid  bacilli 
become  agglutinated  in  high  dilutions  of  the  serum,  while  the  colon 
bacilli  do  not. 

None  of  these  tests  alone  can  Ije  depended  upon  for  making  a  differ- 
eiitiid  diagnosis  of  the  colon  bacillus  from  the  typhoid  bacillus  or  other 
similar  bacilli. 

Unfortunately,  also,  in  roost  of  these  characteristics  certain  degrres 
of  variation  uiay  often  l>e  obser^'cd  and  these  may  lead  to  confusion. 
For  instance,  the  morphology  may  vari'  considerably,  at  times  even 
when  grown  on  the  sjime  culture  media,  anri  the  motility  is  not  always 
equally  pronounced:  the  flagella  may  varj-;  the  rapi<lity  of  growth 
may  differ,  especially  between  freshly  made  and  old  cultures;  the 
grape-leaf  appearuuce  of  the  surface  colonies  on  gelatin,  which  ts 
usually  characteristic,  may  vary  with  the  coui|>osition  of  the  gelatin, 
at  times  no  typical  colonies  at  all  being  presented;  the  threads  in  the 
Hiss  media  may  lie  lucking;  in  rare  instances  the  typhoid  bacillus  pro- 
duces indol;  the  growth  on  potato  b  not  to  be  depended  on,  often 
being  visible  and  not  characteristic;  the  vinilencc  of  both  the  bacilli 
is  so  little  characteristic  that  it  can  hardly  lie  used  for  diagnostic  pur- 
poses; and  finally,  the  serum  test  is  not  to  be  depended  on  unless  the 
agglutinins  in  the  serum  Iiave.  lieen  properly  tested,  for  there  is 
abundant  agglutinin  for  some  of  the  colon  bacilli  in  ibc  serum  of 
many  untreated  animals.  This  is  loss  true  of  rabbits  than  of  horses 
and  of  young  than  older  animals. 

in  spite,  however,  of  these  difficulties  it  u  verj*  easy  to  sufficiently 
i<lcntify  the  l}'[>hoid  bacillus  for  all  practical  purposes.  A  bacillus 
which  grows  typically  in  the  Hiss  tube  media,  and  shows  agglutination 
with  a  high  dilution  of  the  .serum  of  an  animal  immunized  lo  the  l\-phoid 
Uicillus,  is  in  alt  probability  the  typhoid  l>acillus.  If  this  bacillus 
absorbs  the  s|)ecific  tvphoid  agglutinins  it  is  undoubtedly  the  typhoid 
bAcillus.    The  same  cotdd  prolwbly  be  said  of  a  bacillus  which  grew 
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characteristically  in  glucose  bouillon  and  nutrient  gelatin,  besides 
showing  the  specific  serum  reaction.  Probably  not  one  time  in  ten 
thousand  would  such  bacilli  prove  on  further  investigation  not  to  be 
typhoid  bacilli.  A  still  further  test  is  to  inoculate  animals  with  several 
doses  of  the  dead  bacilli  whose  identification  is  sought,  and  note  whether 
there  is  produced  a  serum  which  specifically  agghitinates  undoubted 
typhoid  bacilli. 


CHAPTER  XXI. 


THE  BACILLUS  OP  TPBERCULOSIS. 


A  RNOWLEOOC  of  phthisis  wa^  certainly  present  among  men  at  the 
time  from  which  our  pnrliest  medical  descriptions  come.  For  over 
two  thomand  years  niany  of  the  clearest-thinking  physicians  have 
considered  it  a  communicabte  disea^;  lint  it  is  only  nilliin  coin]»ara- 
tively  recent  times  tliitt  the  infectiousness  of  tuberculosis  bos  become 
an  established  fact  in  scientific  medicine.  Villcmin,  in  1865,  by  infcctinff 
a  scries  of  animals  through  inoculations  with  tuberculous  tissue,  showed 
that  tu)>crculosi3  might  be  induced,  and  that  such  tissue  carried  the 
exciting  agent  of  tlte  disease.  Baumgarten  demonstrated,  early  in  \^2, 
bacilli  in  tissue  sections  which  are  now  known  to  have  been  the  tubercle 
bacilli.  But  these  investigations  and  those  of  others  at  the  same  time, 
though  paving  the  way  to  a  better  knowledge  of  the  disease,  prove«l  to 
be  unsatisfactory  and  mcomplele.  The  announcement  of  the  discoverj- 
of  the  tubercle  bacillus  was  made  by  Koch  in  March,  ISS2.  Along 
with  the  announcement  satisfactorj-  ex{)crimental  evidence  was  pre- 
sented as  to  its  etiological  relation  to  tuberculosis  in  man  and  in  sus- 
ceptible animals,  anc]  its  principal  biulogicid  characters  were  given. 
An  innumemble  numl>er  of  investigators  now  followed  Koch  into  this 
field,  but  their  obsen-ations  9cr\'ed  only  to  confirm  his  disco\-ery. 

Distiibatiou  of  Bacilli. — They  are  found  in  the  sputum  of  persons 
and  animals  suffering  from  pulmonary  or  laryngeal  tuberculosis,  either 
free  or  in  the  interior  of  pus  cells ;  in  miliar)'  tubercles  and  fresh  c-aseotis 
mavises  in  the  lungs  and  elsewhere;  in  ret^eut  tubtrrcidous  cavilk's  in  the 
lungs;  in  tuberculous  glands,  joints,  bones,  mucous  membranes,  and 
skiu  affectiona. 

Morpholo^. — Tlie  tubercle  bacilli  are  slender,  non-motile  rods  of 
about  0.3//  iu  diameter  by  1.5  to  4«  in  lengtli.  (Plate  I.,  Figs.  I,  2. 
and  3.)  Commonly  they  occur  singly  or  in  pairs,  and  are  then  usually 
slightly  cur\"ed ;  frequently  they  are  observed  in  smaller  or  larger  bunches. 
Under  exceptional  conditions  branching  and  club-shaped  forms  are 
observed.  Injected  into  the  brain,  kidney,  and  other  tissues  in  rabbits 
a  growth  frequently  occurs  in  which  forms  simiUr  to  actiiiomyces 
develop.  The  tulwrclr  bacillus  rlcarly  U-longs  among  the  higher  ftirms 
of  bacteria  and  is  closely  allied  to  actinomycosis.  Tlie  same  is  true  for 
some  of  the  timothy  and  other  acid-fast  bacilli.  In  stjiinctl  preparations 
there  are  often  seen  unstained  portions.  From  two  to  six  of  these 
vacuoles  may  sometimes  be  noticed  in  a  single  r<*<|.  In  old  cultures 
irregular  forms  may  develop,  the  rods  l>eiug  occasionally  swulU-n  at 
•one  end  or  presenting  lateral  projections.    Here  also  spherical  granules 
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PLATE   I. 
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Tubercle  baclllt,  in  red. 
StrepiobacilU,  in  blue. 
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Tubercle  bacfUl,  in  red. 
Tissue,  in  blue. 
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Leproay  bacilli  In  nasal  secre- 
tion of  person  suTfering  from 
nasal  lesions.    (Hansen.) 
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Short  smegma  bacilli. 

Bacilli  in  si^tecinien  are  I'ed, 

rest  of  material  in  blue. 
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appe&r  which  stain  with  more  difficult}'  than  the  rest  of  the  bacillus 
and  also  retain  the  stain  with  greater  tenacit}'.  The  bacilli,  howe\'er, 
containing  these  hoilies  are  not  appreciably  more  resistant  than  those 
not  having  them;  although,  therefore,  tliese  bodies  have  some  of  the 
cliaracterisiics  of  a  spore,  tliey  lack  the  ijuality  of  i-t;slstanee  to  dele- 
terious influences  and  cannot  Ije  considered  true  spores. 

The  bacilli  have  a  thin  capsule,  shown  in  one  way  by  the  fact  that 
they  appear  thicker  when  stained  with  fuchsin  than  with  methylene 
blue.     The  capsule  is  l)clicved  to  contain  the 
greater  portion  of  the  wax-like  substance  pecu- 
liar to  the  bacillus. 

Staining  Peculiarities.  —  These  are  very  un- 
portant,  for  by  them  it.s  ditfereiitiation  and 
recognition  in  microscopic  prepiirations  of 
spulinii,  etc.,  are  reiideref!  possible.  Owing  to 
the  waxy  substance  ui  its  envelope  it  does  not 
readily  take  up  the  ordinary  aniline  colors,  but 
when  once  staine<l  it  is  ver>'  <liQicult  to  decol- 
orize, even  by  the  use  of  strong  acids.  The 
more  recently  fonned  bacilli  are  much  more 
easily  stained  and  decolorized  than  the  older 
forms.  Ehrlich  devised  a  method  of  staining 
which  proved  to  be  satisfactory^ — viz.,  the  use  of 

a  solution  of  an  aniline  color — fuchsin  or  methyl  nolet— in  a  saturated 
«queous  solution  of  aniUne  oil  and  decolorization  of  other  bacteria  with 
■  solution  of  a  mineral  acid,  to  be  followed  bv  a  contrast  stain,  such  as 
methylene  blue.  (Pljjte,  I .  F'gs.  1  and  2.J  Various  niofJificatioiia  of 
Ehrlich's  method  are  now  commonly  used.  The  tubercle  bacilli  can  be 
demonstrated  also  by  Gmm's  methwi  of  staining. 

Biology. — ^The  bacillus  tulx;reulosis  is  a  parasitic,  aerobic,  nmi-matiU 
iHiciUus,  and  grows  only  at  a  temperature  of  about  37"  C,  limits  30° 
to  42*  C.    It  does  not  fonn  tme  spores. 

REfliSTAXcr..— The  bacilli,  possibly  on  account  of  tlie  nature  of  their 
capsule,  have  a  somt-what  greater  i-eslsting  power  than  mrwt  other 
pathogenic  bacteria,  since  frequently  the  biicilli  resist  ilesjication  at 
the  ordinarj-  temperatures  for  montlis;  most  bacilli  die,  however,  soon 
after  drt-ing.  Upon  serum  cultures  the  bacilli  seldom  live  longer  than 
six  to  eight  month.';.  They  frequently  retain  their  vitality  for  several 
weeks  in  putrefying  material,  such  as  sputum.  Cold  has  little  effect 
upon  them.  When  dry  the  more  resistant  organisraa  stand  dry  heat 
at  100°  C.  for  hours;  but  when  moist,  as  in  milk,  they  are  quickly 
killeil— viz.,  at  'ib°  C.  in  four  hours,  at  i'A)°  C.  in  thirty  minutes,  at 
65"*  C.  in  fifteen  minutes,  at  J0°  C.  in  ten  minutes,  at  SO"  C.  in  five 
minute.t,  and  at  Of)°  C.  in  one  minute.  One  reason  why  in  some 
ex])eriuents  they  appear  to  withstand  high  teni|>eratures  is,  as  pointed 
out  by  Theobald  Smith,  that  when  heated  in  a  test-tube  in  the  ii.sual 
way  the  cream  which  rises  on  heating  is  exposed  on  its  surface  to  a 
lower  temperature  than  tlie  rest  of  the  milk,  and  as  this  contains  the 

18 


390 


BACTERIA  PATHOCENIC  TO  MAN 


greatest  percentage  of  the  bacteria  some  of  them  are  exposed  to 
liejit  than  those  in  the  rest  of  the  fluid  receive. 

The  resisting  power  of  this  bacillus  to  chemical  disinfectants,  dicing, 
and  light  is  considerable,  but  not  as  great  as  it  is  apt  to  appear,  for, 
BS  in  sputnni,  the  bacillus  is  iisiiallj'  protected  by  mucus  or  cell  pro- 
toplasm from  penetrntion  by  the  germicidal  agent.  It  is  not  always 
tieslroycd  by  tlie  gastric  juice  in  tlie  stomach,  as  is  shown  by  successful 
infection  experiaients  in  susceptible  aniinuls  by  feeding  tliem  with 
tubercle  baolli.  They  arc  destroyed  in  sputum  in  six  hours  or  lew 
by  the  addition  of  an  equal  quantity  of  a  5  per  cent,  solution  of  carbolic 
acid.  Bichloride  of  mercury  is  less  suitable  for  the  dbinfection  of 
sputum.  lodofonu  ha.s  no  eifect  upon  cultures  until  5  per  cent,  is 
added.  The  fumes  from  four  pounds  of  burning  sulphur  to  each 
1000  cubic  feet  of  air  space  will  kill  tubercle  bacilli  in  eight  hours  wlien 
fully  expired  to  the  action  of  the  gas,  providing  that  Siey  are  moist» 
or  that  abundant  moisture  is  present  in  the  air. 

Formaldeliyde  gas  is  quicker  in  its  action,  but  not  much  more  efUcieut. 
Ten  ounces  of  formalin  should  be  employed  for  each  1000  cubic  feet 
of  air  space. 

The  tubercle  bacillus  in  sputum  when  exposed  (o  direct  sunlight  is 
killed  in  from  a  few  minutes  to  several  hours,  according  to  tlie  thickness 
of  the  layer  and  the  season  of  the  year;  it  Is  also  usually  destroyed  by 
diffuse  daylight  in  from  live  to  ten  days  when  placed  near  a  window. 
Protected  in  cloth  the  l>acilli  survive  exposure  lo  light  fur  longer  periods. 
Tliis  fact  is  worthy  of  note,  as  it  has  an  intportiint  hygienic  bearing. 
Thus,  tuljerculous  sputum  expectorated  upon  sidewalks,  etc.,  being 
often  exposed  to  the  action  of  direct  sunlight,  will  in  many  cases,  especially 
in  summer,  be  disinfected  by  the  time  it  is  in  a  comlition  to  be  carried 
into  the  air  as  dust.  For  this  and  other  inore  important  hygienic  rea- 
sons, consumptive  patients  should  occupy  light,  sunny  rooms  and  live 
as  much  a^  passible  in  the  ojien  air. 

Dried  sputum  in  places  protected  from  abundant  tight  has  occasionally 
been  found  to  contain  virulent  tulicrcle  bacilli  for  as  long  as  ten  months. 
For  a  year  at  least  it  should  be  cousiderwl  dangerous.  The  Roentgen 
rays  have  a  deleterious  effect  on  tubercle  bacilli  in  cultures,  but 
practically  none  upon  those  in  tissues. 

The  tubercle  bacillus  is  a  strict  parasite — that  is  to  say,  its  biological 
characters  are  such  that  it  could  scarcely  find  natural  conditions  outside 
of  the  bodies  of  living  nnimaLs  favorable  for  its  multiplication.  Under 
exceptional  conditions,  such  as  in  freshly  expectorated  sputum,  tubercle 
bacilli  may  increu.se  for  u  timitetl  time. 

Oultivation  of  th«  Tubercle  Bacilltts. — On  account  of  their  slow 
growth  and  tlie  special  conditions  which  they  require,  tubercle  bncillt 
cannot  lie  grown  in  pure  culture  by  tfie  usual  {ilatc  method  on  tlie 
ordinary  culture  mclia.  Knch  first  succeedetj  in  cultivating  and 
isolating  this  bacillus  ou  coagulated  blood  serum,  which  he  iuoculatcd 
by  carefully  nibbing  the  surface  with  sections  of  tut>erculous  tissue  and 
then  leav  ng  tlie  culture,  protected  from  evaporation,  for  several  weeks 
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in  the  incubator.  Cultures  are  more  readily  obtained  from  human 
than  from  bovine  baciIJi. 

Growth  on  Coagulated  Blood  Skrum  or  Egg. — On  these  media, 
one  of  wh  ch  is  regularly  used  to  obtain  the  first  culture,  the  growth 
first  Ijcconips  visible  ai  the  end  of  ten  to  twenty-one  days  at  37**  C, 
and  at  the  end  of  three  to  four  weeks  a  distinct  and  characteristic 
development  has  occurred  Small,  grayish-white  points  and  scales  first 
appear  on  the  surface  of  the  mcdiuiu.  As  development  progresses  there 
ris  formed  an  irregular,  membranous-looking  layer.  When  a  tiny  piece 
of  this  is  removed,  placed  on  a  cover-glass  without  rubbing,  stained, 
and  then  observed  under  the  microscope,  the  surface  groislh  presents 
a  characteristic  appearance,  the  bacilli  being  arranged  in  parallel  rows 
of  variously  curved  figures. 

Owing  to  the  greater  facility  of  preparing  and  sterilizing  y/ycffrm  agar, 
and  the  more  rapid  and  abundant  growth  of  the  bacilli,  which  have 
become  accustomed  to  growth  outside  the  body  ou  this  medium,  it  is 
now  usually  employed  in  preference  to  blood  serum  for  continuing  to 
produce  later  cultures.  The  development  at  the  end  of  fourteen  to 
twenty-one  days  b  more  abundant  than  upon  blood  serum  after  several 
weeks.  \Vhen  numerous  bacilli  have  been  distributed  over  the  surface 
of  the  culture  medium,  a  rather  uniform,  thick,  white  layer,  which 
suh»sequently  acquires  a  slightly  yellowish  tint,  is  developed;  when  the 
bacilli  sown  are  few  iti  number,  or  are  associated  in  scattered  groups, 
separate  colonies  are  developed,  which  acquire  considerable  (hicknesa 
and  have  more  or  less  irregular  outlines. 

Growth  on  Nitrjent  Veal  or  Beef  Broth  Containing  5  per 
CENT,  of  Glycerin.— This  is  of  importance,  because  in  this  way  tuber- 
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culin  is  profluced.  On  these  media  the  tul>errk-  barilhis  also  grows 
readily  if  a  very  fresh  thin  film  of  growth  from  the  glycerin  agar  is 
floate<l  on  tlie  surface.  The  latter  of  these  media  is  used  forrihe  devel- 
opment of  tuberculin.  The  sniidl  piece  nf  pelHcIe  removed  from  the 
previous  culture  continues  to  enlarge  wliile  it  floats  on  the  surface  of 
the  liquid,  and  in  the  course  of  three  to  six  weeks  covers  it  wholly  as 


293 


BACTHRIA  PATIIOOENtC  TO  MAX 


a  single  film,  which  on  agitation  is  easily  broken  up  and  then  ivettles 
on  the  bottom  of  the  flask,  where  it  ceases  to  develop  further.  The 
liquid  remains  clear.  A  practical  point  of  importance,  if  a  quick  growth 
ia  desired,  is  to  remove  for  the  new  culture  a  portion  of  the  pellirle 
of  H  gHMvinp  bniiilldii  ciilditp,  which  i.s  \eTy  thin  :tnd  iicllvelv  iii<"re;i,^iiij^. 

Obtaining  of  Pure  Oaltures  of  the  Tubercle  Bacillus  from  Sputum,  Infected 
Tissue  and  Other  Materials. — On  account  of  the  time  required  and  the 
iiitficultirs  tu  Ir^  tivermiiie  this  is  never  desirable  except  when  careful 
investigations  of  importance  are  to  be  undertaken.  The  c}iicf  point  of 
present  interest  is  tlio  dissemination  of  bovine  bacilli  in  man.  The 
discovery  by  Theobald  Smith  of  the  greater  acid  production  of  the 
human  type  of  tubercle  bacilli  in  glycerin  bouillon  over  the  bovine 
bacilli  has  made  it  a  matter  of  abided  importance  to  test  as  many  bacilli 
as  possible  for  their  biochemical  cbaract^ri.stics.  Pure  cuitures  can  !« 
obtained  directly  from  tuberculous  material  when  mixed  infeclion  is 
not  present, and  a  suitable  dog  .serum  or  egg  culture  medium  is  at  haiKl; 
but  as  it  is  so  difficult  to  get  material  free  from  other  bacteria  which  grow 
much  moif  rapidly  and  take  possession  of  the  medium  before  the 
tubercle  bacillus  has  had  lime  to  form  visible  colonies,  it  is  usually 
necessary  first  to  inoculate  n.  guinea-pig,  both  sulK'utaneously  and 
intraperitoneally,  and  then  obtain  cultures  from  the  animal  as  soon  a3 
the  tubercle  infection  ha.s  fully  developed.  From  acute  tul>ercuIaiB 
in  man  in  other  regions  than  tite  lungs  direct  cultures  on  blood  senmi 
or  egg  may  be  made  with  somi*  hope  of  success.  Under  the  liest  con- 
ditions great  care  and  patience  are  necessary  if  sucx^essful  results  are 
to  be  obtained. 

Anunab  inoculated  usually  die  at  the  end  of  three  weeks  to  four 
months.  It  ts  better,  however,  not  to  wait  until  death  of  the  animals, 
but  at  the  end  of  three  weeks  to  kill  a  guiuea-]>ig,  which  by  its  enlarged 
glands  shows  evidence  of  tuberculosis,  and  to  remove,  with  the  greatest 
care  as  to  cleanliness,  one  or  more  nodules  from  (he  lungs,  spleen,  or 
lymphatic  glands.  Animals  which  develop  tuberculosis  acutely  are  apt 
to  have  abundant  tuliercle  bacilli  and  give  successful  cultures,  while  the 
chronic  cases  usually  have  few  bacilli  and  frecjuently  give  uiisucct«ttful 
cultures,  The  animals  after  being  kilki!  are  placeil  in  tniys,  and  after 
washing  with  a  5  per  cent,  solution  of  carbolic  acid,  immediately  autop- 
sied.  The  skin  over  the  anterior  portion  of  the  IkkIv  having  Ijeen 
carefully  turned  back,  an  ojjening  is  cut  with  a  fresh  set  of  sterile  instru- 
ments into  the  thoracic  or  abdominal  cavity;  then  with  a  sterile  forceps 
the  lymph-gland,  jwrtion  of  spleen  or  other  part  which  it  is  desireil  to 
examine  is  removed  to  a  sterile  covered  beaker.  This  tissue,  if  suitable, 
is  sliced  in  thin  .sections  and  conveyeti  directly  to  the  surface  of  the 
solid  culture  merlium.  It  is  allowed  to  remain  in  contact  with  tl»e 
moist  serum  or  egg  at  37°  C.  for  three  to  ten  days,  and  llien  by  means 
of  a  platlinim  wire  gently  rubl>ed  and  drawn  over  tlie  surface  of  (be 
media.  Tlic  liilnrs  are  then  replace<l  in  the  incubator  for  (en  days  to 
three  weeks,  when  a  visible  culture  should  be  obtained.  Owing  to  the 
liability  of  (he  blood  serum  to  Iteconie  too  dry  for  the  development  of 
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the  bacUlus,  it  is  necessan*  to  keep  the  culture  moist  by  sealing  the 
end  in  some  way.  Theohal*!  Smith,  who  has  had  a  very  large  experience 
in  growing  the  tulRTcle  htirillus,  gives  ilie  fallowing  detJiils  as  to  his 
method: 

"Throughout  iIk"  work  ^jnlkitficd  dog's  scrum  was  nstd  us  being  the 
best  medium.  The  dog  was  bled  under  chlorofonn  and  the  blood 
drawn  from  a  fiMuoral  artory.  under  ast-ptic  conditions,  thmugh  sterile 
tubes  directly  into  sterile  flasks.  The  scrum  was  drawn  from  the  clot 
with  sterile  pi[)ettes,  and  either  distributed  at  once  into  tubes  or  else 
stored  with  0.2o  to  0.,'i  per  cent,  chloroform  atlded.  The  temperatiire 
required  to  produce  a  sufficiently  finn  and  yet  not  too  hard  and  t\iy 
senim  is,  for  the  dog,  7o°  to  "0°  C,  The  tnl»p.s  containing  the  ."MTiim 
were  set  in  a  tlieniiostat,  into  which  a  dish  of  water  was  phiced,  to 
forestall  any  abstraction  of  moisture  from  the  serum.  About  three 
hours  suffice  for  the  coagidation.  This  procedure  dispenses  with  all 
sterilization,  excepting  that  going  on  during  the  coagulation  of  the 
serum.  It  prevents  the  gradual  formation  of  incmbrani'S  of  salts,  whicli, 
remaining  on  the  surface  during  coagulation,  form  a  film  nnsnited  for 
bacteria.  Tubes  of  coagulated  serum  should  Iw  kept  in  a  cold,  closed 
space,  where  the  opporiunitiei  for  evaporation  are  slight.  They  should 
amah's  l>e  kept  inelinei^l. 

"The  ordinary  cotton -j)higged  test-tubes  I  do  not  use,  because  of 
tliv  rapid  ilrying  out  pemiiilcd  by  them  as  well  us  the  opportunilics  for 
infection  with  fungi.  Instead,  a  tube  is  used  which  has  a  ground-glass 
cap  fitted  over  it.  This  cap  contracts  into  a  narrow  tube  plugged  with 
glass-wool;  this  plug  is  not  disturbed.  The  tube  is  cleaned,  filled,  and 
uiocutated  by  removing  the  cap.  With  sufficient  opportunity  for  the 
interchange  of  air  very  little  evaporation  takes  place,  and  contamination 
of  Ute  culture  is  a  very  rare  occurrence.  In  inoculating  these  tubes  bits 
of  tissue  which  include  tuberculous  foci,  es])ecifllly  the  mast  recent,  are 
torn  from  the  organs  and  IranHfi-rn-d  to  the  ^icruni.  \'er)'  li(tle  crushing, 
if  any,  is  desirable  or  neeessaiy.  1  think  many  failures  are  due  to  the 
often  futile  attempt.^  to  break  up  firm  tulx'rclcs.  Nor  should  the  bits 
of  tissue  be  rubbed  into  the  surface,  as  Is  sometimes  recommended. 
After  a  stay  of  stvcml  weeks  in  the  Ihermostnt  I  usually  remove  the  tubes 
and  stir  about  the  bits  of  tissue.  This  frequently  is  the  occasion  for  a 
prompt  appearance  of  gro\vth  of  tiny,  dull-grayish  colonies  within  a 
week,  as  it  seems  to  put  certain  still  microscopic  colonies  in  or  around 
the  tissues  into  better  condition  for  further  development.  From  this 
first  growth  of  tubercle  IwcilH  fresh  serum  tubes  are  Inoculated.  From 
thesi'eilbersenim  or  glvcerin-agar  lulk's  are  inoculatcij.  Tlie  thermostat 
should  be  fairly  constant,  as  urged  by  Koch  in  his  classic  monograph; 
but  I  look  upon  moisture  as  of  more  importance.  If  possible  a  thermo- 
stat should  l>e  used  which  is  opened  only  occasionally.  Into  this  a 
large  diah  of  water  is  placed,  which  keeps  the  space  saturated.  Venti- 
lation should  be  restricted  to  a  minimum.  As  a  consequence,  moulds 
grow  luxuriantly,  and  even  the  ginnmcd  labels  must  be  replacetl  by 
pieces  of  stiff  manila  paper  fastened  to  the  tube  with  a  rubber  band . 
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By  krepiii|^  the  IiiIk-s  inrliin'*!  rm  iin<Iiie  Hinoiinl  of  comlpiisalion  of 
water  can  i-nllect  in  the  bottom,  and  tlic  upper  portion  of  the  srnini 
remuiiis  niDisl.  The  only  pix-cau(i(ni  lo  !«•  upplicd  to  pR-veiit  infection 
M-ith  moiiUls  is  to  thoroughly  Haine  the  joint  between  tlie  lube  and  «ip, 
as  well  as  the  pUipgecl  end,  before  oprninf;  the  ttibe." 

In  our  e?:perienoe,  when  cultures  iire  made  exactly  according  to  the 
above  directions,  a  f^rowth  is  usually  obtained,  bin  i>orset  advises  the 
use  of  an  egg  medium.  Miiny,  imludiiip  ourselves,  hine  luid  good 
re.<tults  with  it.  It  is  more  dilHcult  to  geC  a  growth  of  liovine  tlmii  of 
the  huniun  ty|xr  of  bacilli.  All  methods  fretjuently  fail  when  the 
Inlwreiilous  tissue  used  rotitiiiiis  very  few  ba<'illi. 

PathogeneaU.^The  tubercle  bticilhis  is  palliogeuic  not  only  to  nnin, 
but  to  a  hirgc  immber  of  animals,  sttcli  as  the  monkey,  i>ig,  cnw,  cat, 
etc.  Guihea'pigs  are  rxtreniely  susceptible,  and  are  much  used  for 
the  detection  of  tul>ert*le  bacilli  in  suspected  material.  When  inoculated 
with  the  minutest  doses  of  the  living  bacilli  they  usually  succumb  to 
the  (3i.swise.  Infection  is  most  rapidly  prodiiced  by  intrft]tiTitoneal 
injection.  If  a  large  ilose  is  given  death  follows  in  from  ten  to  twenty 
dti,y».  The  omentum  is  found  to  be  clumped  together  in  sausage-like 
masses  and  converted  into  hard  knots,  which  contain  many  I»acilli. 
There  is  uo  serous  fluid  in  the  perilotieal  cavity,  but  generally  in  Imth 
pleural  sacs.  The  spleen  is  enlarged,  and  it,  as  well  as  the  liver  and 
peritoneum,  contains  large  nundiers  of  tulK^rcle  Imcltli.  If  smaller 
doses  are  given  the  disease  is  prolonged.  The  peritoneum  and  interior 
organs— spleen,  liver,  etc.— are  then  filled  with  tubercle.s.  On  .Mib- 
cutaneous  injection,  for  instance,  into  the  alKlominal  wall,  there  is  & 
thickening  of  the  tissues  about  the  point  tif  iniK'ulatinn,  which  breaks 
down  in  one  to  three  weeks  an<l  leaves  a  sluggish  ulcer  covered  with 
cheesy  material.  The  neighl)«ring  lymph  glands  are  swollen,  and  Rt 
the  end  of  two  or  three  weeks  may  attain  the  size  of  hazel-nuts.  Soon 
au  irrcgidar  fever  is  set  up,  and  the  animal  Incomes  emaciated,  usually 
dying  within  four  to  eight  weeks.  If  the  injpcte<i  material  contained 
only  a  small  number  of  bacilli  (he  wound  at  the  point  of  inoailalion 
may  heal  up  anrl  tleath  be  postponed  for  a  long  time.  On  autopsy  the 
lymphatic  glands  are  found  to  have  undergone  cheesy  degeneration; 
the  spleen  is  very  much  enlarged,  and  throughout  iLs  substance,  which 
is  colored  tlnrk  red,  ai"C  distribulvcl  nuisscs  of  ncnlules.  Tlie  liver  is 
also  enormously  increaswl  in  si/c,  streaked  brown  and  jnelluw,  and  the 
lungs  are  filled  with  grayish- while  tuljcrclcs;  but,  as  a  rule,  the  fciilneys 
contain  no  nodules.  Tnt>crcle  bacilli  are  always  found  in  the  affected 
tissues,  but  the  more  chronic  the  process  the  fewer  the  bacilli  that  are 
apt  to  be  present. 

Uabbits  are  also  quite  susceptible  to  tuberculosis,  (nil  considerably  le&s 
so  than  guinea-pigs.  In  rabbits  death  ahnost  invariably  follows  inocu- 
lations of  tuliercnious  materia!  into  the  anterior  clmiulMT  nf  the  ev-e. 
The  local  effects  are  iris  lulierculosis  and  cheesy  degeneralinn  of  the 
pupil.  *  The  bacilli  then  penetrate  to  the  ueighboriug  lymph  glands* 
pro<lucing  softening  of  tliesff,  then  pulmonary  tutjerculosJs.  general 
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tuberculosis,  and  finally  deadi  at  the  end  of  severnl  weeks  or  months. 
Stil)ciitanrous  luoculatiniis  are  k-as  effective,  and  in  small  doses 
fret^ueully  do  not  kill.  Intravenous  and  intraperitoneal  injections 
usually  produce  general  tuttcrculosis  and  death  at  the  end  oi  a  few 
weeks. 

Of  other  susceptible  animals,  field-mice  and  cats  are  readily  infected 
by  artificial  inoculations  of  tnberriilous  mnterial;  rats,  white  mice,  and 
dogs  only  wiien  verv  large  doses  are  given.  All  these  Hniriwls  present 
the  anatomical  lesions  of  miliary  tuberculosis.  Canaries  are  also 
susceptible  to  iniNnilatioiis  of  the  tubercle  bacillus,  but  not  sparrows. 
Fowls  and  pigeons  are  only  motlerately  susceptible  tn  the  bacillus 
derived  from  man.  Among  the  larger  birds,  parrots  alone  would  seem 
to  be  clearly  susceptible. 

Anuul  IxFF.cmoN  BY  Natoral  Methods. — Besides  the  artificial 
modes  of  infection  referred  to,  tulwrculasis  may  lie  rausetl  in  animals 
by  feeding  them  x\ilh  tulierculnus  tiiateriiil.  In  this  case  evidence  of 
infection  is  usually  shown  in  the  ine.sciitcric  glands,  while  the  intestinal 
walls  are  frwiumtjy  not  affected.  Bacilli  accompanied  by  fat  much 
more  remlily  pass  through  the  Intestinal  mucous  membnnie  or  that 
of  the  tonsils  ami  pharyii\.  It  is  certain  that  tulierculous  iufeclion  may 
be  ciiuseil,  under  certain  conditions,  by  aljsoqjlion  through  serous  or 
mncous  membranes  without  the  evidence  of  any  local  lesion. 

llic  experimental  production  of  tul>erculosis  by  inhalation  of  bacilli 
lias  been  demonstrated  by  Koch  in  guinea-pigs,  rabbits,  rat*!,  and  mice, 
»ml  his  results  have  since  lieen  confirmed  by  many  others;  but  in  these 
experiments  the  bacilli  were  usunllv  inlialetl  in  the  form  of  a  verj"  thin 
spray  in  which  tliey  were  suspended.  The  experimental  inhalation  of 
tiry  tuliereuhius  ilust  lias  less  often  pnivod  successful. 

Various  other  tuberculous  affections  which  are  natural  in  man  have 
l»een  produced  exiierimentally  in  animals,  as,  for  instance,  tuberculnsia 
of  the  joints,  tuberculous  abscess,  etc. 

Actios  upok  thk  Tissrhus  of  tuf.  Poisons  Producwj  by  tue 
TrnERCLE  RAClLLrs. — ^Soon  after  the  introduction  into  the  tissues  of 
tuliercle  bacilli,  either  living  or  deaii.  the  cells  surrounding  them  liegin 
to  show  that  some  irritant  is  acting  upon  them.  The  con iicetive-t Issue 
cells  become  swollen  and  umlergo  rnitntic  ibvision,  the  resultant  cells 
being  distinguished  by  their  large  size  and  pale  nuclei.  A.  small  focus 
of  proliferated  epithelioid  cells  is  thus  formed  about  the  bacilli,  and 
according  to  the  intensity  of  the  inllammation  these  cells  are  surrounded 
by  a  liirger  or  smaller  imm!)cr  of  the  lymphoid  cells.  Wlien  living 
bucilli  arc  present  and  multiplying  the  lesions  progress,  the  central 
cells  degenerate  ami  di>e,  and  a  cheesy  mass  results,  which  later  inay 
l*ad  lo  the  formation  of  cavities.  Dead  bacilli,  on  the  other  hand,  give 
oH  sufficient  poison  to  cause  the  less  marked  changes  only,  nnd  never 
proiiuce  cavities  (Prudden  and  IbMlenpyll.  Of  (he  gross  piiihological 
lesions  produced  in  man  by  the  tuln'rclc  bacilli  the  most  characteristic 
Are  small  nodules,  called  uiiliary  tubercles.  Wlien  young,  and  before 
they  have  umlcrgone  degeneration,  thes*  tubercles  are  gray  and  trans- 
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lucent  in  color,  somewhat  sninllpr  tlian  a  millet  seed  in  size,  and  hard 
in  consistence. 

But  miliary  tubercles  are  not  the  sole  tuberculous  products.  TI»e 
iul>ercle  bacilli  may  cau.se  llie  diffuse  growth  o(  a  tissue  identical  iu 
stnicture  with  that  of  miliary  tubercles — that  is,  composed  of  a  base- 
ment substance,  containing  epithelioid,  giant,  and  lymphoid  cells. 
Iliis  difTuse  tulx^rcle  tissue  also  tends  to  undri^o  clieesy  degeneration- 

DiaTRiDUTiON  OP  TrBEHfLE  BAriLi.i  IN  xnE  Tissues. — In  acute 
tuberculosis,  especially  wlien  case»tioii  is  rapidly  spreading,  the  bacilli 
are  usually  abundant.  They  are  genendly  scattered  irregularly  through 
the  tissues  or  in  small  groups.  They  are  occasionally  found  in  the 
leukocj-tes  and  in  the  giant  and  epithelioid  cells.  In  subacute  and 
chronic  lesions  they  are  usually  few  in  number.  Sometimes  in  old 
caseous  materials  numerous  stained  granular  points  are  seen;  these 
are  supposed  by  some  to  be  a  resting  stage  similar  to  spores,  but  not 
resistant  to  heat. 

Usu.AL  I'niN'T  OF  Kntkance  of  iNKKmoN. — Infection  by  the  tul»ercle 
bacilhis  takes  place  usually  ibruugb  the  rvspirutory  tract  or  the  digestive 
-tnict  including  the  pharynx  and  tonsils,  more  rarely  tlirough  wounds 
of  the  skin. 

Tubereulosis  may  be  considered  to  be  caused  chiefly  by  the  direct 
transmission  of  tufjercle  l>acilli  to  the  mouth  through  soiled  hands, 
lips,  handkerchiefs,  food,  etc.,  or  by  the  inhalation  of  fine  particles  of 
mucus  thrown  off  by  coughing  or  loud  speaking,  or  of  tuberculous  dust. 

TfRKRCUixisis  OP  Skix  AND  MtTois  MF.MnRANES. — ^\'hen  the  skin 
or  mucous  menibranes  are  superBcialty  infected  through  wounds  ihen* 
may  develop  lupus,  ulceration,  or  a  notiular  growth.  The  latter  two 
forms  of  infection  are  apt  after  an  interval  to  cause  the  iuvolveinent  of 
the  nearest  lymphatic  glands,  and  then  finally  tlie  deeper  structures. 

TtBEittT'Losis  OF  DIGESTIVE  Tract. — TulKTCuIosis  of  the  gums, 
cheeks,  and  tongue  are  rare,  and  usually  occur  through  the  germs  enter- 
ing lacerations  caused  by  sharp,  ragged  teeth.  The  tonsils  an<l  pharynx 
are  somewhat  more  often  involved.  The  stomach  protected  through 
its  acid  gastric  juice,  and  oesophagus  by  its  epithelium,  are  almost  never 
attacketl.  Tlie  small  intestines,  rich  in  lymph  glands,  are  rather  fre- 
quently the  seat  of  infection  from  bacilli  swallowed  with  the  fooil.  In 
a  striking  case  four  previously  healthy  children  died  within  a  sliort 
prriwl  of  one  another.  Their  nurse  was  found  to  have  tuberculosis 
of  the  antium  of  Highmore.  with  a  fistulous  opening  into  the  mouth. 
She  had  the  habit  of  putting  the  spoon  with  which  she  fed  the  children 
into  her  mouth  .so  as  to  taste  the  food  before  it  was  given  to  them.  As 
already  noted,  the  bacilli  frequently  pass  through  the  mucous  mem- 
brane to  the  lymph  glands  without  leaving  any  lesions. 

intestinal  and  mesenteric  tuberculosis,  which  is  rather  common  with 
children,  is  due  not  only  to  swallowing  the  bacilli  received  in  the  above 
way<>,  from  humau  sources,  but  also  (o  (he  ingestion  of  tul>erenlous  milk. 

TuntRCULOSLs  OF  RESPtRATORY  TitACT. — The  lungs  are  the  most 
frequent  location  of  tuberculous  inflammation,  iu  spite  of  the  fact  that 
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ou  account  of  tlieir  location  they  are  (ireally  protected.  Most  of  the  bacilli 
&«  caught  upon  the  nasal  or  phann^al  mucous  membranes.  Only 
a  small  percentage  can  find  their  way  to  the  larynx  and  trachea,  and 
still  less  to  the  smaller  broncliinles.  From  the  examination  of  the  lungs 
of  miners  as  well  us  from  experimental  tests  there  is  no  doubt  but  tliat 
some  of  the  bacilli  fini]  their  way  into  the  deeper  bronchi.  The  deeper 
the  bacilli  penetrate  the  more  unlikely  that  they  can  he  cast  out.  The 
healthy  luug  tissue  usually  destroys  these  bacilli.  The  nasal  cavities 
arc  rarely  alTecled  with  tuberculosis,  but  more  often  the  retropharyn- 
geal tissue.  1\iberculo5i5  of  this  tissue  as  well  as  that  of  the  lousils  i^ 
apt  to  give  rise  to  infection  of  the  lymphatic  glands  of  the  neck.  It 
is  believed  that  just  as  Itacilli  may  pass  tlirongh  tlte  intestinal  walls  to 
infect  the  mesenteric  glaiMls  so  bacilli  may.  witliout  leaving  any  trace^ 
pass  through  tlie  tonsils  to  the  glantls  of  the  neck.  It  is  now  well 
(•stablished  that  Infection  taking  place  through  various  chaimels  may 
find  its  way  to  the  lungs  and  excite  there  the  most  extensive  lesions. 

TuDERCVLOSis  OF  Lakynx.— I'rinmn,-  infection  of  the  larynx  is  rare. 
_Secondary  infection  is  fairly  common.  The  region  of  tlie  vocal  cords 
the  interanienoid  space  are  the  special  sites  attacked. 

Infection  bv  Inhal.\tion  or  Dkiku  .\nh  Moist  Bacilli. — The 
moat  common  mode  of  infection  is  by  means  of  tuberculous  sputum, 
which,  being  coughed  up  by  consumptives,  is  either  dis.«M>minated  as  a 
fine  .spray  and  so  inhaled,  ur,  carelessly  expectorated,  dries  and  distributes 
numerous  virulent  hji<>itli  in  the  dust.  .As  long  as  tlie  sputum  remains 
moist  there  is  no  danger  of  dust  infection,  but  only  of  direct  contact; 
it  is  only  when  it  becomes  dr}*.  as  on  handkerchiefs,  bedclothes,  and  the 
floor,  etc.,  that  the  dust  is  a  source  of  danger. 

A  great  numljer  of  tlie  expectorated  and  dried  tubercle  bacilli 
undoubtedly  die,  especially  when  exposed  to  the  action  of  direct 
sunlight;  but  when  it  is  considered  that  as  many  as  five  billion 
virulent  tubercle  bacilli  may  be  expectorated  by  a  single  tiiiwrculous 
individual  in  twenty-four  hours,  it  is  evident  that  even  a  much  smaller 
proportion  than  are  known  to  stay  alive  will  sullice  in  the  immediate 
vicinity  of  consumptives  to  produce  infection  unless  precautions  are 
taken  to  prevent  it.  Tlie  danger  of  infection  is  greatest,  of  course,  in 
the  close  neighborhood  of  tuberculous  patients  who  expectorate  pro- 
fusely and  indiscriminately — that  is,  without  taking  tlic  necessary 
means  for  preventing  infection.  There  is  much  less  danger  of  infection 
at  a  distance,  as  in  the  streets,  for  instance,  where  the  tubercle  bacilli 
liave  become  so  diluted  that  they  are  less  to  be  feared.  In  rooms  the 
sputum  is  not  only  protected  from  the  direct  sunlight,  but  it  is  con- 
stantly broken  up  and  blown  about  by  the  walking,  closing  of  doors, 
etc.  In  cro\vde<l  streets  on  windy  Jays  infected  dust  must  sometimes 
l>e  in  the  air  unless  the  expectoration  of  consumptives  is  controlled. 

Exhaustive  experiments  made  by  many  observers  have  shonii  tliat 
panicles  of  dust  collected  from  the  immediate  neighborhood  of  con- 
sumptives, when  inoculated  into  guinea-pigs,  produce  tulwrculosis 
in  a  considerable  percentage  of  them;  whereas,  the  dust  from  rooms 
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inhAbit«(l  by  healtliy  persons  or  the  dusts  of  the  streets  does  so  oaly  in 
an  extremely  small  percentajie.  Kludge  is  proliahly  riglit  in  thinking  rhat 
tlie  tlust  which  is  fine  enough  to  remain  for  a  long  time  In  suspension 
in  the  air  Ls  usually  free  from  living  bacilli.  Il  Is  in  the  coarser  though  still 
ininute  partiules,  those  In  which  the  bacilli  are  protected  hv  un  envelope 
of  iniicus.that  the  gernis  resist  dr-'iiig  for  considerable  periods.  These  are 
carried  only  short  distances  by  air  currents.  Such  results  as  those  ob- 
tained by  Straus,  who  on  examining  the  nasal  secretions  of  twenty-nine 
healthy  persons  living  in  a  hospital  with  consumptive  patients,  found 
tubercle  bacilli  in  nine  of  them,  must  be  arcepteil  with  some  reser\'e, 
since  we  know  tliiit  in  the  nir  there  are  bacilli  which  look  and  stam  like 
tiilierelc  bacilli  and  yet  are  totally  difFerrnt.  It  may  be  said  that  the 
danger  of  itifectiun  from  slight  contact  with  tul>erculosis  is  not  so  great 
as  it  is  considered  by  many,  but  that  on  this  account  it  is  all  the  more  to 
be  feared  and  guarded  against  in  (he  immediate  neighfjorhood  of  con- 
sumptives. Those  who  are  most  liable  to  infection  from  this  source 
arc  the  famihes,  the  nurses,  the  fellow-workmen,  and  fellow-prisonera 
of  persons  sntfcring  from  the  disease.  In  this  connection,  al-so,  atten- 
tion may  be  drawn  to  the  fact  that  rooms  which  liave  been  recently 
occupied  by  consumptives  ore  not  infrequently  the  meaii,<i  of  producing 
inftflion  (jis  1ms  been  cliuicjilly  and  experimentally  deinonstratiHl) 
from  the  deposilion  of  tuberculous  dust  on  furniture,  walls,  floors,  etc. 
FliJgge  has  recently  drawn  atteudou  to  the  fact  that  in  coughing,  sneez- 
ing, etc.,  very  fine  particles  of  throat  secretion  are  thrown  out  and 
carried  by  air  currents  many  feet  from  the  patient  and  remain  sus- 
pended in  (he  air  for  a  considerable  time.  This  is  anotlier  means  of 
mfection,  but  ]>robably  a  less  frequent  one.  To  encourage  us  we  now 
have  a  mass  of  facts  which  go  to  show  that  when  the  sputum  is  care- 
fully lookefl  after  there  is  very  little  danger  of  infecting  others  except 
by  close  personal  contact. 

iN'niviPir.M,  SrscKPTiBii.Tn'.— Tl  is  Iwheved  by  many  that  in  demon- 
stniting  the  jMissibilitv  of  infection  in  pulmoniiry  tuberculosis  its  occur- 
rence is  sufhciently  explained;  but  they  leave  out  anotlier  and  most 
important  factor  in  the  production  of  an  infectious  disease — iiidtvidual 
susceptibility.  That  this  susceptibility,  or  "predisposition."  as  it  b 
improperly  called,  may  Ix:  either  iuherite<l  or  acquired  is  now  an  accepted 
fact  in  medicine.  It  is  even  thought  that  the  physical  signs  and  char- 
acters— the  phihUicai  habit — whicli  indicate  this  susceptibihty  can  be 
externfilly  recognized.  At  first  tlie  inherited  susceptibility  was  con- 
sidered more  important  than  the  acqtnred,  but  now  much  that  was 
attributed  to  the  former  is  krmwn  to  lie  explainwl  by  the  fact  of  living 
U)  un  infected  area.  The  acquired  susteplibiliiy  may  arise  fnun 
faulty  physical  development  or  from  depression,  sickness,  overwork, 
excessive  use  of  alcohol,  etc.  Unquestionably,  vast  diifcrcnccs  exist 
in  different  individuals  in  the  intensity  of  the  tuberculous  process  in 
the  lung.  That  this  does  not  depcnil  chiefly  upon  a  difference  in  viru- 
lence of  the  infection  is  evident,  from  the  fact  that  individuals  con- 
tracting tuberculosis  from  the  same  source  are  attacked  with  different 
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severitjr,  and  that  th^re  ia,  as  a  rule,  no  girnt  (HfTrrence  in  degrees  of 
virulence  for  anitnnls  in  tlie  tubert-le  bacilli  olituined  fmm  ilHTerent 
sources.  As  ia  swn  from  tbe  results  of  post-mortem  examinations  in 
which,  according  to  the  completeness  of  the  examinations,  (be  remains 
of  old  tuberculous  processes  have  been  found  in  the  lungs  of  about 
one-third  to  one-half  of  all  the  bodies  examined,  many  cases  of  pnl- 
monaTT  infection  must  occur  without  showing  any  visible  evidence  of 
disease,  ami  heal  of  their  own  aceonl.  The  possibility  of  favorably 
influencing  in  many  an  existing  tnliercuEosis  by  treatment  also  proves 
that,  un<ler  natural  conditions,  there  is  a  varying  siisoeptibility  to  tlie  dis- 
ease. Clinical  ex[M'rieiice  tenches,  likewise,  that  good  hygienic  con- 
ditions, pure  air.  gfj^jtl  food,  freedom  from  care,  etc..  increase  inmiunily 
to  phthisis.  Animal  cx[H'riracnts  have  shown  that  not  only  are  there 
differences  of  susreptibility  in  various  aiunml  species,  but  also  an 
individual  susceptibility  in  the  same  species.  The  doctrine  of  indi- 
vidual susceptibility,  therefore,  is  seen  to  be  foundetJ  on  fact,  although 
the  reasons  for  it  are  only  partially  understood. 

Infection'  by  Ingestion  of  Milk  and  Me.<t. — Phthisical  sputum, 
however,  Is  not  held  responsible  for  the  occurrence  of  all  human  tuber- 
culosis. Milk  also  ser\'e3  as  a  conveyer  of  infection,  whether  it  be  the 
milk  of  nursing  mothers  suffering  from  consumption  or  the  milk  of 
tul>erculou3  cows.  The  trjinsmission  of  lul>ert'le  bacilli  in  tlie  milk  of 
tuberculous  cows  has  been  abundantly  proved.  Formerly  it  wjis  thought 
that  in  order  to  produce  infection  by  milk  there  must  l>c  a  local  tuber- 
culous affection  of  the  udder;  but  it  in  now  known  that  tul>ercle  bacilli 
may  be  found  in  the  milk  when  an  internal  organ  is  infected,  and  when 
careful  .search  fails  to  detect  any  udder  disease.  'I'he  milk  of  every  cow 
which  has  any  well-develoj>ed,  internal,  tulx-rculons  icifertion  must  there- 
fore be  considered  as  possibly  contidning  tuberele  bacilli.  Rabino- 
witsch  and  Keirjpncr  pi-oved  bevond  all  ipiestton  that  not  only  the  milk 
of  tuberculous  cattle,  which  showed  no  apprecijdde  u<lder  disea.se,  but 
also  those  in  which  tvibercutosis  was  only  detected  tliroiigh  tuliercnliu, 
frequently  contained  tubercle  bacilli.  Different  obserA-ers  have  fnund 
tubercle  bacilli  in  the  milk  of  from  20  to  60  per  cent,  of  tuberculous 
cows.  \Vljen  we  consider  the  prevalence  of  tuberculosis  among  cattle 
we  can  readily  realize,  even  if  the  bovine  Imcillus  with  diflicnlty  infects 
human  beings,  the  danger  to  which  children  are  exposed  from  this 
source  of  iiiftH'tion.  Thus,  taking  the  abattoir  statistics  of  various 
countries,  we  find  that  about  10  per  cent,  of  the  cattle  slaughtered 
were  tuberculous.  A  less  prol>nble  source  of  infection  by  way  of 
tbe  intestines  is  the  ilesh  of  tuberculous  cattle.  Here  the  danger  is 
considerably  less,  from  the  fact  that  meat  is  usually  cooked,  and  also 
because  the  muscular  tissues  are  seldom  attacked.  In  view  of  the 
finding  of  the  l>ovine  type  of  bacilli  in  a  considerable  percentage  of 
the  few  cases  teste<l  of  tuberculous  children,  the  legislative  control 
and  inspection  of  cattle  and  milk  would  seem  to  be  an  absolute  neces- 
sity. As  a  pmclicftl  and  simple  method  of  preventing  infection  from 
suspccte<l  milk  the  sterilization  (by  heat)  of  the  milk  used  as  footl  must 
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commend  itself  to  nil.  It  is  only  right  to  state,  however,  that  tip  to 
the  present  time  the  actual  proof  that  human  tiiherciilosis  has  fre- 
quently conif  from  nitlk  or  food  infected  with  bovine  tuberculosis  is 
very  smalt,  ami  that  it  is  probable  that  the  Imvine  bacilli  are  not  as 
viniltint  for  luan  aa  for  animals.  The  relation  of  bovine  lo  human 
tubercle  bacilli  will  l>e  discussed  more  fully  later. 

AuToiNFECTiov  BY  SwALtowiNG  SptiTDM. — Tlic  seeondortf  forms 
of  tuberculosis  which  often  succeed  a  primary  infection  of  the  lungs 
may  be  explained  as  autoinfections,  from  the  coughing  up  and  swal- 
lowing of  Rputum  containing  bacilli.  It  is  a  wonder,  indeed,  that  intes- 
tinal tuberculosis  is  not  more  common  than  it  is  in  consumption;  but 
this  is  probably  dtie  to  the  action  of  the  gastric  juice  and  to  the  fact 
that  in  adults  the  intestines  are  comparatively  insusceptible. 

Hypothesis  of  Trftosmissibliity  of  Tubercle  BacUll  t«  the  Fcetos. — There 
is  some  fvii.lciK'c  vi  lliv  Iniiisrnission  nf  tnlH-rclt'  Ijmilli  from  the  HMfther 
to  the  fo-tus  in  animals.  The  first  authentic  caae  reconled  is  that 
reported  by  Johue  of  an  cight-montlis-old  calf  foetus;  other  cases  have 
since  been  reported.  With  regard  to  tuberculosis  in  tlte  human  fwtus 
tlie  evidence  is  not  so  clear,  tlionph  some  twenty  cases  have  Iwen  reported 
of  tuberculosi.s  in  newly  bom  infants,  and  about  a  dozen  cases  are 
recorded  of  pinceiital  tuberculosis.  The  fact  that  .statistics  show  a 
greater  frerpiency  of  tuberculous  diseases  in  children  during  the  first 
than  in  tlic  Following  years  of  life,  does  nol  strengthen  the  Iiy(iothesis 
of  frequent  infection  in  utern;  for  nursing  infant.^  would  natundly  lie 
more  exjioscd  to  infection  through  the  mother's  milk  and  through 
personal  contact  than  others.  According  toexperinients  upon  laboratonr 
animals  one  would  expect  to  finti  in  man  fetal  or  plticcntal  tuberculous 
infection  more  cummoii  than  it  is,  whereas  it  is  cMremcly  rare,  even 
if  the  few  cases  rcportcil  be  nccepted  as  proven.  Possibly  the  few 
bacilli  which  may  l>e  trunsmilteii  to  tlie  ffctus  do  nol  lind  conditions 
favorable  for  their  development,  and,  Iteing  so  few  in  number,  die;  or 
they  niHV  remain  latent,  as  has  Itecn  suggeste«l  bv  Ilehring  and  others. 
for  certiiin  lengths  of  time  without  prmluoiiig  visible  etTe<'(s,  and  only 
show  symptoms  of  infection  later;  but  we  have  no  exjtennu-nlal  con- 
firmation of  any  sucJi  latency  existing  witli  regard  to  tlie  tubercle  bacillus, 
and  it  is  not  to  be  assumed  that  it  does  exist.  \s  to  the  infection  of  the 
foetus  from  the  paternal  side,  where  tlie  father  has  tuberculosis  of  the 
scrotum  or  seminal  vessels  (which  have  been  found  to  l)c  tuberculous 
in  exceptional  rases),  we  have  no  reason  to  .suppose  that  such  can  occur. 
There  are,  however,  grounds  for  belief  that  infection  in  this  way  may 
take  place  from  husband  to  nife.  Thus,  Gartner  found,  as  a  result  of 
his  exiMTiment-S  in  animals,  (hat  a  large  majority  of  the  guinea-pigs 
and  rabbits  which  were  brfmght  together  with  males  whose  semen 
contained  tulx;rcle  bHcilli  died  of  primary  genital  tulK*rculosis;  but 
from  the  rarity  of  tliis  affection  in  women  and  cows  it  may  be  assumed 
that  tubercle  bacilli  occur  very  much  less  frequently  in  semen  of  men 
tind  CAttle  thnn  in  that  of  the  smaller  animals.  It  is  believed  that  (he 
semen  of  those  sulTering  from  advanced  or  local  genital  tuberculosis 
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contain  tuberculous  toxins  which  cripple  the  activity  of  the  spenma- 
tozoa. 

Length  of  Time  Tubercle  B&cilli  Remain  Tirolent  in  Sputnin. — According 
to  experimental  investigations,  the  vinileiice  of  dried  tuljereulous  sputum 
is  not  suddenly  but  gradually  lost,  a  certain  proportion  of  it  retaining 
its  specific  infective  power  under  ordinary  conditions,  as  in  a  dwelling- 
room,  for  at  least  two  or  three  montlis,  ami  occasionally  for  a  year  or 
morr. 

AttADoation. — Tuliercle  bacilli  when  subjected  to  deleterious  influences 
or  to  growth  on  culture  media  grudnally  lose  their  virulence.  A  culture 
which  Tnideau  has  grown  on  suitable  media  for  ten  years  is  no  longer 
capable  of  causing  tuberculosb  in  heiilthy  guinea-pigs,  although  origi- 
nally vindent.  Cidtures  grown  at  tcni[>erature3  of  42°  C.  become  atten- 
uated more  quickly. 

BUxed  Infection. ^n  regions  where  tuljerculous  processes  are  on  the 
surface,  such  as  hmg  ami  skin  infections,  and  also  when  the  infection 
itself  is  multiple,  as  in  disease  of  tlie  glands  of  the  neck  from  tonsillar 
absorption,  the  tubercle  bacilli  are  usually  associated  with  one  or  more 
other  varietie-s  of  organisms.  Those  of  most  importance  are  the  .^itrepto- 
coccus.  pneumoeoccus,  and  influenza  bacillus.  Besides  these  many 
other  varieties  are  met  with  oecAsionally  in  individual  cases.  What  the 
influence  of  this  3econdnr\*  or  mixed  infection  is.  under  all  circumstances, 
b  not  exactly  known;  but  geuerally  the  effect  is  au  unfavorable  one, 
and  not  infrequently  after  a  time  the  disease  takes  on  a  seplica'mic 
cli&racter.  For  the  technique  employed  in  examining  sputa  fur  mixed 
infection  see  page  312. 

Immnnu&tioiL — .As  in  other  infectious  dtseaj^e.s,  many  attempts  have 
been  made  to  proi^uce  an  artihrial  immunity  agiiinst  tuberculosis,  but 
so  far  the  results  have  Ijeen  only  fairly  satisfactory.  The  great  majority 
of  mankind  has  in  a  varyhig  degree  a  natural  immunity  against  tuber- 
culosis. In  many  individuals  this  immunity  is  only  relative,  ami  is 
maintained  only  so  lung  as  the  health  is  kept  at  a  high  standard  or 
the  exposure  to  infection  not  too  intense  or  prolonged.  An  unfavorable 
environment,  the  occurrence  of  some  other  infectious  disease,  ovcnvork, 
dissipation,  or,  in  fact,  anything  which  tends  to  depreciate  the  nutrition 
of  the  body,  is  apt  to  render  the  individual  previously  immune  susceptible 
to  the  tulierrle  bacillus. 

AequirefJ  iininuuity  against  many  Imcterial  diseases  is  acquired 
within  a  few  days  or  weeks  after  the  development  of  infection.  This 
immunity  may  be  complete  or  slight  and  varj-  greatly  in  its  dura- 
tion. There  is  little  in  the  clinicnl  history  of  tuberculosis  which 
shows  that  acquired  immunity  occurs  in  this  disease,  for  relapse  is  the 
nde,  and  one  attack  does  not  seem  to  afford  any  protection  against  a 
later  one.  For  this  reason  the  production  of  an  artiiicial  immunity 
against  tuberctdosis  ha.<t  always  been  looked  upon  as  a  result  possibly 
never  to  he  achieved.  The  careful  study  of  tuberculosis  seems,  how- 
ever, to  indicate  an  attempt  on  the  part  of  nature  at  the  production  of 
acquired  immunity  in  this  disease.     It  is  tlioiight  that  from  30  to  60 
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per  cent,  of  cadavers  show  the  healecl  lesions  of  tuberculosis.  The 
anmll  proportion  of  tlicso  which  progresset!  tn  serious  lesions  or  lL>ecftuie 
reinfcclcii  imlieale  a  degree  of  acquired  iniintniily.  Artificial  im- 
munity is  an  attempt  to  imitate  nature's  methods,  and  is  obtained 
by  the  inofulationuf  a  modified  lix'inp  culture  or  of  toxins  and  dead 
baeteria.  The  injection  of  toxins,  as  in  Kocli's  lulwreulin  treulment, 
produces  in  animals  a  certain  dejjree  of  acquired  resistance  to  larger 
doses  of  toxins,  but  does  not  protect  to  any  appreciable  degree  from 
subsequent  living  tul>erele  bacilli,  or  produce  iit  anitnab  an  antitoxic 
senim.  In  IS02  Triidenii  siireeedeil  in  pnidiiciiig  in  rabbits  an  appre- 
ciahle  imnninily  by  inoculations  of  living  avian  cultures,  'llie  rabbits 
80  treated  supported,  as  a  rule,  inrwiilalinn  of  vinilent  tuberele  luLcitli 
in  the  anterior  chaiuber  of  tlie  eye,  while  ui  controls  tlie  eyes  were 
invariably  lost.  I^ter,  attenuated  human  cultures  were  used  with  the 
same  results.  De  Schweiiiilz.  Mcl-'adyun.  Belirinf.'.  and  Pearson  Gllli- 
land  have  since  reported  succcssfid  results,  'i'hc  latter  two  treated  a 
number  of  cows  by  ginng  each  of  them  seven  intravenous  injections  of 
1  to  6  c.c.  of  an  emulsion  of  tul»ercle  bacilli.  This  was  of  an  cecity 
e({Ual  to  a  twenty-four-hour  brolh  culture  of  typhoid  bacilli.  'I'hey 
report  from  their  investigatiou.s'  that  the  trealnirnt  had  the  effect  not 
only  in  keeping  in  check  the  progress  of  (he  tul-wreulous  prrjcess,  but 
of  causing  in  some  cases  a  dbtinct  retrogression.  The  bacilli  remaineil 
alive  in  tlie  encapsulated  lesion.s. 

The  work  abeady  done  is  believed  by  Trudeau  to  establish  tlie 
principle  that  in  order  to  l»c  successful  the  protective  inocidation  must 
be  made  with  living  germs  of  such  diminishetl  vindence  for  the  animal 
experimente<l  upon  as  to  produce  a  reaction  ending  in  healing  of  the 
process  at  first  set  up  by  them.  This  Lt  termed  by  fiehring  isopathic 
immunity. 

The  aWan  and  bovine  bacilli  imnnini7.e  against  infection  from  huraau 
bacilli  equally  as  well  as  the  attenuated  huniaii  variety,  lliis  is  strong 
evidence  in  favor  of  the  genetic  unity  of  all  tubercle  bacilli.  Up  to 
the  present  time  the  results  in  animals  hardly  permit  the  inoculation 
of  man  with  living  bacilU  for  purjM)ses  of  producing  immunity.  Tlie 
practical  difficulties  which  confront  one  make  it  at  present  probably 
unadvLsablc  to  use  such  methods  in  cows  except  in  an  experimental 
way. 

The  serum  of  animals  treated  with  bacilli  and  their  products  has 
not  given  rurativc  results. 

Among  the  numerous  medicinal  agents  that  have  been  tried  without 
avail  to  protect  animals  against  the  action  of  the  tubercle  bacillus 
may  be  mentioned  tannin,  menthol,  sulphuretted  hydrogen,  mercuric 
chloride,  creosote,  crcolin,  phenol,  arsenic,  cucalv-ptol,  etc. 

AgglDtinttioD. — The  results  obtained  by  variou^s  observers  has  been 
rery  conflicting.  Two  methmls  are  employed  in  making  the  test.  In 
one  a  rigorous  growth  of  baclUi  is  dried,  ground  up  and  an  emulsion 
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DQftrle.  In  the  other  Arloing  and  Courmont  grow  Ihe  culture  for  a 
time  on  potato  and  then  in  bouillon.  In  this  way  a  homogeneous 
culture  of  separate  bacilli  is  obtained  whlcli  can  be  used  for  agglulina- 
UoD.  'Vhe  examination  is  usually  nuuie  niacroscopically,  and  requires 
twelve  to  twcnt^'-four  hours.  At  present  the  test  cannot  be  advised  as 
useful  In  diitgnosis  as  Ihf  sera  of  cases  sufTcring  from  luljerculosis  fre- 
quenlly  fail  to  give  a  reaction,  while  the  sera  from  Uiose  having  no 
detectable  tuberculosis  frequently  cause  a  good  reaction.  A  positive 
agglutination  test  in  tuberculosis  --feins  to  lie  a  favorable  sign  as  indi- 
cating resistance  lo  inffCiiun  by  (he  body. 

Chemical  Coustitaeats  of  Tubercle  Bacilli. — Tlie  bacilli  contain  on  an 
average  80  per  cent,  wiiter.  'Hw  dry  sulistani-'e  consists  of  nmlenal 
soluble  in  alcohol  and  ether,  of  proleid  substance  extracted  by  warm 
alkaline  sohiliuus.  and  of  carbohydnitcs  and  ash.  Tlie  alcohol-ether 
extract  equals  about  onenquarter  of  the  dry  substance  und  consi-sts  of 
15  per  cent,  of  a  fatty  acid,  which  is  mostly  combinetl  with  an  alcohol 
to  make  a  wiux.  No  glycerin  is  present  and,  therefore,  no  true  fat.  It 
is  on  the  presence  of  this  wax  that  the  staining  characteristics  depend. 
Other  substances  produce  abscess,  necrosis,  and  cheesy  degeneration. 
Lecithin  and  a  convulsive  poison  are  also  present  in  tlie  e\tnict. 

The  substances  left  after  the  ether-alcohol  extraction  are  mostly 
proteid  substances.  A  nucleic  acid  which  contains  phosphorus  is  present 
whicl*  according  to  Hehring,  is  the  S]>ecific  principle  of  tuberculin. 

Tiwerculin  (KocA '*).—TulH.Tculia  coutahis  nol  only  the  products  of 
the  growth  of  the  tubercle  bacilli  in  the  nutrient  bouillon  which  with- 
stand heat  as  well  as  substances  extracted  from  the  bodies  of  the  bacilli 
themselves,  but  abo  the  materials  originally  contained  in  tlie  bouillon, 
which  hfl-ve  remained  unaffected  by  the  activities  of  the  bacilli.  There 
are  two  preparations  known  respectively  as  the  old  and  the  new 
tuberculin. 

Old  tnherctiHn  is  prepared  as  follows:  The  tubercle  bacillus  is  culti- 
vated in  an  infusion  of  calf's  flesh  or  of  Ivfcf  flcsli,  or  extmcl  to  which 
1  per  cent,  of  peptone  and  4  to  -i  per  cent,  of  glycerin  have  been  added, 
the  culture  liquid  Ix-ing  slightly  alkaline.  The  inoculation  is  made 
upon  the  surface  from  a  piece  of  ver\'  thin  j>ellicle  from  u  young  bouillon 
culture,  or,  if  the  bouillon  culture  is  unobtainable,  with  small  masses 
from  a  culture  on  glycerin  agar.  These  masse.<!,  floating  on  the  surface, 
give  rise  in  from  three  to  six  weeks,  according  to  the  rapidity  with 
which  the  culture  grows,  to  an  nhimJant  development  and  to  the  forma- 
tion of  a  tolerably  thick  ami  ilry,  wliitc  cnmipled  layer,  which  finally 
covers  the  entire  surface,  At  the  en«l  of  four  tn  eight  weeks  development 
ceases,  and  the  layer  after  a  time  sinks  to  the  bottom.  Fully  developed 
cultures,  after  ha%*ing  been  tested  for  purity  by  a  microscopic  exami- 
nation, are  passed  into  a  suitable  vessel  and  evaporated  to  one-tenth 
of  their  original  bulk  over  a  water-hath  at  a  temperature  of  70°  to 
80°  C.  The  liqviid  is  then  filtered  through  cheniically  pure  sterilized 
filter  paper.  The  crude  tulierculin  thus  obtained  contains  40  to  50  per 
cent,  of  glycerin,  10  per  cent,  of  albumoses,  traces  of  peptone,  extractives, 
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and  inorganic  salb.  The  true  nature  of  the  toxic  substances  is  not  known. 
It  keeps  well,  retaining  its  activity  indefinitely. 

The  method  of  treatment  and  the  results  obtained  from  the  old 
tulierculin  have  been  described  by  Koch  brieHy  a&  follows:  After  each 
injection,  which  should  be  large  enough  to  cause  a  slight  but  not  a 
great  rise  of  lemi»eratiire,  a  nnlicealile  improvement  in  the  tulwrculmis 
process  results.  The  anioiuit  of  tuberculin  injected  is  continually 
increased,  so  as  to  contiuuc  the  moderate  reactions.  After  several 
montlis  all  reactions  cease,  the  patients  having  become  temporarily 
immune  to  the  toxin,  but  not  to  the  growth  of  the  bacillus.  Further 
injections  are  now  useless  until  this  immunity  has  pa.<v<ied.  During  the 
treatment  the  bacilli  themselve.'!  have  not  been  directly  affected,  and 
wlken  the  treatment  is  interrupteil  the  tulierculous  process  is  apt  to 
progress.  Some  cases,  however,  of  pure  tuberculosis  of  moderate 
extent  become  cured  or  greatly  l)ene(ited  by  several  ]>erioils  of  treatment. 
When  the  seat  of  tul»ereulou.s  lesions  is  vLsible,  as  in  lupus,  a  moderate 
dose  of  tuberculin  causes  a  vbible  inflammatory  reaction,  which  msv 
result  in  necrosis  and  a  casting  off  of  the  infected  tissue.  The  ImlcJIII 
tlieinselves  are  not  killed. 

Accorrling  to  KcK'h.  tiie  .substances  produced  in  the  borly  by  ihe  old 
tuhereulin  neutralized  Ihe  tuberculous  toxins,  but  were  not  bactericidal. 
After  a  sen'e.s  of  experiments  lie  con.*tidered  the  diHicully  to  be  due  lo 
the  nature  of  tlie  envelope  of  the  tubercle  bacillus,  which  made  it  difficult 
to  obtain  the  substance  of  the  bacilli  in  soluble  form  without  so  altering 
it  by  beat  or  chemicals  that  it  was  useless  to  pnKhice  iiiumitiiziog 
substances.  He  conceived  that  immunity  was  not  produce*!  in  man 
for  somewliat  similar  reasons—  possibly  the  Iwcilli  never  giving  out 
sufficient  toxin  to  cause  curative  substances  to  be  prwlucecl.  He  there- 
fore decided  to  grind  up  the  dried  bacilli  and  soak  them  in  water,  and 
thus  obtain,  if  possible,  without  the  addition  of  heat,  a  .soluble  extract 
of  the  body  substance  of  the  bacilli,  which  he  hoped  would  be  immun- 
izing. He  also  trieil  to  eliminate  ns  nnich  as  possible  of  the  toxic  prod- 
ucts which  produce  fever.  Buchner  by  a  different  method,  through 
crushing  under  a  great  pressure  tubercle  bacilli  mixed  with  sand, 
8n<)  thus  s(]ueezing  out  their  protoplasm,  obtained  a  very  similar 
substance. 

The  ?i«u.'  tuhereulin  formed  by  citlier  of  these  methods  is  a  watery 
extract  of  the  soluble  pordons  of  the  unaltered  tul>ercle  bacilli.  M 
can  be  readily  seen, in  a  preparation  thus  ma<lc, contamination  is  difficidt 
to  avoid,  freedom  from  intact  bacilli  is  uncertain,  and  the  strength  of 
tlie  solution  prepared  at  dilferenl  times  is  variable.  Twentj'  |H*r  cent. 
of  glycerin  is  added  to  preserve  the  tuberculin  from  contamination. 
Aft*'r  (hrec  years  of  trial  the  results  obtained  with  the  new  tultercidin 
preparations  cannot  be  considered  to  have  e\erleil  either  ver.'  different 
(fr  very  su|>erior  effects  to  the  older  product. 

As  to  the  results  obtaine*!  in  general  the  re[M)rts  are  as  yet  conflicting. 
Lupus  seems  to  be  decidedly  benefited  for  a  time  both  by  the  old  and 
tlie  new  tuberculin.     Helapses  are,  however,  common.    On  advance*! 
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phthisis,  lar^-Dgeal  tuberculosis,  and  other  tuberculous  processes  no 
effects  have  been  noted,  niul  nearly  everyone  disnpproves  of  their  use 
in  these  cases  as  well  as  in  tliosc  where  mixed  infection  Ls  suspected; 
even  in  cases  of  beginning  infection,  opinions,  as  a  whole,  are  not  very 
enthusiastic.  ITic  new  tuberculin,  unless  prepared  with  great  care  or 
from  tiil)ercle  bacilli,  which  are  non-virulent  for  man,  is  apt  to  l>e  a 
dangerous  substance.  Trudeau,  ni^ldwin,  and  others  found  that  with 
the  first  pnxluet  sent  out  guinea-pigs  injt-efeil  with  it  not  only  ilid  not 
become  immunize^,  but  actually  became  infected  from  the  Uving  bncilU 
iu  the  Quid. 

Diagnostic  Use  of  Tab«rculin.-~Tbe  chief  use  to  which  tuberculin  has 
been  put  is  as  an  ai<l  to  the  diagnosis  of  tuberculosis  in  cattle  and  human 
beings,  and  for  this  purpose  it  has  proved  to  be  of  inestimable  value. 
Numerous  e-xperiments  made  by  veterinary  surgeons  show  that  the 
injection  of  tuberculin  in  tuberculous  cows  in  doses  of  25  to  50 
eciitigranis  produces  in  at  least  ft')  per  cent,  a  rise  of  temperature  of 
from  I**  to  3^  C.  (2*  to  5"  F.).  The  febrile  reaction  occurs  in  from 
twelve  to  fifteen  hours  after  tlie  injection.  Its  intensity  and  duration 
do  not  entirely  depend  upon  the  extent  of  the  tuberculous  lesions, 
being  even  more  marked  when  tliese  arc  slight  thnii  in  advanced  cases. 
In  non-tul)erculous  animals  no  reaction  occurs,  or  one  mucli  less  than 
in  tuberculous  animals,  and  the  results  obtained  on  autopsy  justify 
the  suspicion  that  tuberculosis  exists  if  an  elevation  of  temperature  of 
a  degree  or  more  centigrade  occurs  and  remains  for  ten  hours  from 
the  subcutaneous  injection  of  the  dose  mentioned.  It  must  always  be 
remembered  that  cattle  may  have  a  rise  of  temperature  from  other 
conditions,  and  it  is  only  when  due  to  tuberculin  that  infection  is  proved. 
When  properly  carried  out  aii  error  of  more  than  5  per  cent,  is  impossible. 
For  these  injections  the  original  tuberculin  is  used,  which  for  the  con- 
venience of  administration  h  diluted  with  walei. 

United  States  Govomment  Directions  for  Inspeccing  Herds  for  Tubercu- 
losis.—"  Inspections  shouUi  Ite  carried  on  while  the  herd  is  stabled.  If 
it  is  necessary  to  stable  animals  under  unusual  conditions  or  among 
surroundings  that  make  them  uneasy  and  excited,  the  tuberculin  test 
should  be  po3tpone<l  until  the  cattle  have  Wcome  aecustomcfl  to  the 
comlitions  they  are  subjected  to,  and  (hen  begin  with  a  careful  physical 
examination  of  each  unitnal.  This  13  essential,  beaiuse  in  some  severe 
cases  of  tuberculosis,  on  account  of  saturation  with  toxins,  no  reaction 
follows  the  injection  of  tubercului,  but  experience  has  shown  that  tlicse 
cases  can  be  discovered  by  physical  examination.  This  should  include 
a  careful  examination  of  the  udder  and  of  the  <yU|>erficial  lymphatic 
glands,  and  auscultation  of  the  lungs. 

"Each  animal  should  l>e  numhen-d  or  de.scril>ed  in  such  a  way  that 
it  can  be  recognized  without  difficulty.  It  is  well  to  number  the  stalls 
with  chalk  and  transfer  these  nuiiilK-rs  tn  the  temperntnre-.-!ihect,  so 
that  the  tem|H'rature  of  each  animal  can  be  recorded  in  its  appropriate 
place  without  danger  of  confusion.  The  following  procedure  lias  been 
u«fl  extensively  and  has  given  excellent  results: 
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"(a)  Take  the  tcmperatune  of  each  animtil  to  he  tested  si  least 
twice,  at  intervaU  of  thire  lioiirs.  (M-'fore  tuW'rfuliii  \s  iiijft*(c«l. 

"(ft)  Inject  the  tijlxrcnlin  in  the  eveninp,  prpfrral)ly  Iwlween  tbc 
hours  of  sLx  ami  nine.  The  injection  should  be  made  with  a  carefully 
sterilir^d  hypoilerinic  syringe.  Tlie  most  convenient  point  for  injeo- 
tioti  is  liiick  of  the  left  scapula.  Prior  to  the  injection  the  skin  shotild 
be  washeil  carefully  witli  a  5  per  cent,  solution  of  carbolic  acid  or 
other  antiseptic. 

"(c)  The  teraperature  should  be  taken  nine  hours  after  tiie  Injection, 
and  temperature  mca.siircnienta  repeated  at  rejridar  intervals  of  two 
or  three  hours  until  the  sixteenth  hour  after  the  injection. 

"(d)  When  there  is  no  elevation  of  temperature  at  this  time  (sixteen 
hours  after  tlie  injection)  the  examination  may  lie  discontinued;  but 
if  the  temperature  shows  an  upward  tendency,  measurements  must  be 
conlitiuef]  ijntil  a  distinct  reaction  is  recogiiizerl  or  until  the  temperature 
begins  to  fall. 

"  (e)  If  a  reaction  is  detected  prior  to  tlie  sixteenth  hour,  the  measure- 
ments of  temperature  should  be  cuutiuued  until  tlie  expiration  of  this 
period. 

"  (/)  If  there  is  an  unusual  chanf^  of  temperature  of  the  stable,  or 
a  sudden  change  in  the  weather,  this  fact  should  lie  recorded  on  the 
report  blank. 

"  {y)  If  a  cow  is  in  a  febrile  comlitinn  lul>crcidin  should  not  be  used, 
because  it  wotdd  be  impossible  to  determine  whether,  if  a  rise  of 
temperature  occurred,  it  was  due  to  the  tuberculin  or  to  some  transitory 
illness. 

"(h)  Cows  should  not  be  tested  within  a  few  days  before  or  after 
calvinj;,  for  experience  lias  shown  tlmt  the  result  at  tliese  limes  may 
be  misleadinn;. 

'*  (i)  The  tuberculin  test  \s  not  recommended  for  calves  under  three 
months  old. 

**(;')  In  old,  emaciated  Animals  and  in  re-lests,  use  twice  the  usual 
dose  of  tuberculin,  for  these  animals  are  les.s  sensitive. 

"(It)  Coiidpinnwl  cattle  must  I*  reinovcil  from  the  herd  and  kept 
away  from  those  that  are  healthy. 

**(/)  In  making  post-mortems  the  cnrensscs  should  be  thoroughly 
inspected,  and  all  of  the  organs  should  be  examined." 

Tul>erculin  injections  arc  also  made  in  man  to  reveal  a  suspected 
tnlHTculosis.  At  first  soute  Iwlieved  that  the  irritation  aroused  in  the 
tuV»orciilous  foci  by  the  ttibemdin  sometimes  causeil  a  tlissemi nation  of 
the  bucdii  and  an  increase  in  the  ili.seBse.  When  carefully  used,  how- 
ever, in  suitable  cases  tlierc  is  probably  nn  ilanger.  A  drawback  tn 
its  usefulness  is  that  it  does  not  reveal  the  esctent  of  the  disease,  nor 
whether  the  luliereulosis  is  active.  It  is,  liowcver.  of  great  value  in 
selected  cases,  both  surgical  and  rnedicul,  where  slight  tuberculosis  is 
tiispeete<l,  and  yet  no  decision  can  be  reached.  In  the  small  doees 
advised  an  absolutely  latent  infection  would  probably  give  no  rise  of 
temperature.    I  quote  here  Dr.  Trudeau  upon  the  use  of  the  test: 
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"The  tBiip"  of  lilt'  palit'iii's  tenipeniturtT  Is  ascerlained  by  taking  it 
lit  S  A.M..  3  I'.M.,  and  8  r.M.  for  three  or  four  days  t)eforv  itiukiiig  the 
lest.  The  first  injection  should  not  exceed  0.5  nig.,  and  if  any  fever  is 
habitually  prt-sent  sliouk!  be  even  less,  and  is  l>eat  given  early  in  the 
morning  or  late  at  night,  as  the  tj'pical  reaction  usually  begins,  in  my 
experience,  within  six  or  twelve  honrs.  Such  a  small  (lo.se,  while  it  will 
often  be  sufiicient  to  proihice  the  looked-for  rise  of  temperature,  has, 
under  my  observation,  never  prorUiced  unpleasant  or  violent  symp- 
toms. An  interval  of  two  or  three  days  should  be  alloweil  between  each 
of  the  two  or  tliree  subsequent  injections  it  may  \k  necessary  to  give, 
as  reaction  in  verj*  ran;  cases  may  be  delayed  for  twenty-four  or  even 
tliirty-six  hours.  On  the  third  day  a  second  dose  of  1  mg.  is  given,  and 
if  no  effect  is  produced  a  third,  of  2  nig.,  three  days  later.  In  the  great 
majority  of  cases  of  latent  tuberculosis  an  appreciable  reaction  will 
lie  produced  by  the  time  a  dose  of  2  mg.  has  been  reached.  If  no  effect 
has  been  caused  by  the  testa  apptieil  as  above  I  have  usually  gone  no 
farther,  and  concluded  that  no  tuberculous  process  vas  present,  or  at 
-least  not  to  a  degnee  which  need  be  taken  into  account  in  advising 
tlie  patient,  or  wliicli  would  warrant  insisting  on  a  radical  change  in 
his  surroundings  and  mode  of  life.  If  some  slight  symptoms,  liow- 
ever,  have  been  produced  by  a  dose  of  2  mg.,  it  may  be  necessary 
to  give  a  fourth  injection  of  li  mg.  in  order  to  reach  a  positive  conclu- 
sion. Xevertheless,  it  should  be  Iwme  in  miml  that  in  a  few  cases  the 
exhibition  of  even  larger  doses  mav  cause  reaction  and  indicate  the 
existence  of  some  .slight  latent  tul>erc-idous  lesion,  au4l  the  lest  should 
not,  when  applie<)  williin  the  moderate  doses  described,  be  considered 
alisolntely  infallible. 

"No  evidence  in  connection  with  the  tiibeK-ulin  test  as  applied  to 
man  and  animals  has  been  forthcomiug  thus  far  from  those  who  have 
made  use  of  it.  which  would  tend  to  sustain  the  general  impression 
timl  this  metho*!  is  fiecessurily  dangerous  and  lends  invariably  to  a|;^ra- 
^•atc  the  disease,  and  my  own  experience  has  developed  nothing  which 
would  seem  to  rontimi  this  impression.  It  is  evident  that  the  size  of 
the  doses  given  has  much  to  do  with  the  limitations  of  this  niethcKl 
for  u.sefulness,  ami  the  correctness  of  the  i-onciiisioris  reached  by  its 
application.  The  tulierculin  used  is  also  a  matter  of  some  importance 
in  determining  the  dosage,  as  dilferent  samples  vary  considerably  in 
their  efficiency.  If  the  test  be  pushed  to  the  injection  of  such  large 
amoimts  as  10  mg.  or  more,  as  advocated  by  ^biraglinno,  such  doses 
are  by  uo  means  frve  froui  the  objection  of  occasionally  causing  un- 
pleasant and  sometimes  dangerous  .s^miptoms;  and  even  if  the  amount 
given  be  not  carried  to  the  dose  of  10  nig.,  which  is  known  to  produce 
fever  in  Itealthy  subjects,  it  is  likely  tliat  on  account  of  individual  sius- 
ceptibility  or  the  presence  of  some  other  morbid  process  in  the  body, 
reaction  will  be  fottnd  to  occur  with  the  larger  iloses  when  no  tubercu- 
lous prtK-ess  exists.  The  adoption  of  an  inltiiil  dose  so  small  as  to 
guard  against  the  absolute  possibility  of  producing  violent  reactionary 
aymptoios,  and  (he  graded  increase  of  the  stibse<{uent  doses  within 
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such  quiintities  as  are  known  uet't^r  to  produce  reaction  in  henllhy 
individuals,  would  seem  to  affonl  the  best  protection  against  unpleasant 
results  and  mislendinj;  evidence." 

Antituberniloiu  Senim. — Whether  scmm  therapy  is  destined  to  solve 
the  prohleui  of  the  treatment  of  liil>erculosis  renmins  for  tire  future  to 
decide,  Init  up  to  the  present  (he  residts  obtained  with  anti(ul>erciilous 
stinim  do  not  warrant  our  forming  such  an  opinion.  Everj-  conceivable 
way  of  obtaining  the  true  products  of  the  tubercle  bacilli  has  been 
tried,  so  as  to  cause  the  injected  aniuiids  to  produce  antibodies  both 
antitoxic  and  bactericidal.  At  present  Maragliano  and  Miirmorek 
are  presenting  claims  that  their  sera  are  truly  curative.  .lUlhough 
both  these  men  have  had  a  lar^  experience  in  this  field  of  ini>*estigation, 
it  is  probable  that  the  final  judgment  will  be  that  little  good  comes 
from  the  injection  of  their  serum.  Verj'  few  observers  have  succeeiled 
in  obtaining  appreciable  results  with  the  serums  prepared  by  other 
experimenters.  In  spite  of  much  cniiHicting  testimony,  it  is  probably 
safe  to  assert  that  no  sera  now  obtainable  have  any  great  value,  Nor 
as  we  look  at  the  progressive  nature  of  tuberculosis  can  we  sec  much 
ground  to  hojK^  for  the  abun<lnnt  development  of  curulive  subslani'es 
in  the  blood  of  anlmab.  This  new,  however,  in  no  way  lessens  the 
necessity  of  continued  endeavor  until  ever)'  method  conceivable  lias 
bpen  tried. 

Prophylaxis. — Meanwhile  all  energies  should  be  directed  to  tlie  pre- 
vention of  tiilxTTulosis,  not  only  by  the  enforcement  of  proper  sanitary' 
regulations  »s  n-ganls  the  care  of  sputum,  milk,  meat,  disinfection,  etc., 
but  also  by  continued  ext>criniental  work  and  by  the  establishment  of 
free  consumptive  hospilaU,  and  by  efforts  to  improve  the  character  of 
the  fowl,  dwclIiTigs,  and  condition  of  the  people  in  general,  we  should 
entteavor  to  build  up  Uie  individual  resistance  to  the  disease.  It  may 
be  years  yet  before  the  public  are  sufficiently  educated  to  co-operate 
with  the  sanitary*  aulhorilies  in  adopting  the  necessary  hygienic  meas- 
ure-S  to  stamp  out  tuberculosis  entirely;  but,  judging  from  the  results 
which  have  already  been  obtained  in  reducing  the  mortality  from  this 
dread  disease,  we  have  reason  to  believe  that  in  time  it  can  be  com- 
pletely coiitrolU'<l. 

Tbo  Tnbercle  Bacillus  of  Oattla  and  lis  E«UtioD  to  Htuoaa  Tnbercalosto. 
— Among  the  iloniestic  animals  tuljerculosis  is  most  common  in  catde. 
On  account  of  the  milk  which  they  provide  for  our  use,  and  which  is 
liable  to  contain  bacilli,  the  relation  of  these  to  human  tuberculosis  is 
a  matter  of  extreme  im)>ortance. 

The  chief  seat  of  the  lesions  is  apt  to  l>e  the  lungs,  and  n*ith  them  the 
pleura;  less  often  the  abdominal  organs  and  the  udder  are  affected. 
In  pigs  and  horses  the  alKloininal  organs  are  miist  often  involved,  then 
the  lungs  and  lympliatic  glands.  In  sheep  and  gouts  tuberculosis  is 
rare.  Ttie  bovine  bacillus,  as  tlie  most  important  of  the  group,  will  he 
alone  cunsiileifd  here. 

Tlie  bacilli  derived  from  cattle  are  on  the  average  a  little  shorter  and 
|Ctraighter  than  the  average  human  bacillus.    In  guinea-pigs,  and  cspc- 
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ciall)'  in  rahhit^,  the  bovine  IjacilH  are  more  vinilent  tlian  the  majority 
uf  ihos^  from  hiiinan  suun'es.  Aiiiinuls  infected  with  t}ii-  hacilH  rruiii 
cattle,  RS  well  as  those  from  the  other  dnmestic  nninials,  react  to  the 
tiilien'tilin  test.  All  these  biiciUi  are.  therefore-,  uiuloiilitcdlv  from  Ihc 
same  oripnal  stock,  ami  at  first  jjlance  we  niif^ht  consider  it  iinnecessary 
to  prove  that  (hose  tlerived  from  cattle  were  <-ttfmlile  of  causing  human 
tuberculosis.  There  are  faeis,  liowever,  which  liave  made  this  inves- 
tigation of  preat  importance.  As  we  investigste  we  find  that  all  facts 
tend  to  show  that  the  great  majoriti.'  of  cases  of  tuliercido-sis  in  human 
adults  eoine  from  hiiiimii  infection.  The  ca.sps  whcn^  fairly  strong 
proof  of  Ijovirie  infection  has  l>een  ohtaiiieil  are  certainly  mrp. 

Further,  we  have  the  undouhted  fact  that  the  long  sojourn  of  iMicteria 
in  one  species  of  animal  tends  to  increase  the  virulence  of  the  gerra 
for  that  animal  and  to  lessen  it  for  others. 

'nieohald  Smith  ha.s  madp  the  interesting  di5Cover>'  that  there  is 
a  wide  difference  between  the  culture  growth  of  the  average  bovine 
liacilhu  and  the  average  one  from  human  sources;  the  bftvine  bacilli 
when  grown  in  givcerin  Iiroth  cuusfs  the  hmlh  to  become  les.s  and  less 
acid  and  finallv  feebly  alkaline  to  phenolphlhtilein,  wliile  the  human 
tv[>es  cause  it  to  heconio  only  a  liltlt*  le.ss  nfid,  but  never  alkidine.  In 
oidinarj*  peptone  bouillon  the  reaction  cure  is  the  same  for  both. 
The  broth  becomes  alkaline.  Tuberculin  made  from  bovine  cultures 
is  alkaline  while  that  made  from  human  cultures  is  markedly  acid. 
Both  cultures  act  U}>on  the  glycerin,  but  indifferent  ways.  He  had 
pppnotisly  uote<i  that  the  bovine  bacilli  in  cultures  were  shorter  and 
straighter,  and  grew  le.is  luxuriantly  than  those  from  man,  and,  further, 
that  the  bovine  bacilli  were  much  more  virulent  for  rabbits.  He  has 
found  these  differences  persist  f(ir  lung  jwriiMls,  and  iH-lieves  that  the 
simple  passage  thmngh  a  single  |)cr>mi  in  !i  case  i>f  hirnian  tuberculosis 
would  not  Ur  sufficient  to  change  these  eharHeteri.sties.  He  has  bail  a 
chance  to  examine  the  bacilli  of  two  cases  in  young  children  which  were 
of  the  bovine  type,  but  in  adults  not  one  of  some  half  a  dozen  ctdturca 
showed  the  Iwvine  characteristics.  Tlie  proof  that  Theobald  Smith 
gathered,  which  proved  the  difference  between  the  bovine  and  human 
bacilli,  has  enableil  him  anil  others  to  conclusively  prove  that  a  con- 
siderable proportion  of  children  suffering  from  intestinal  or  me.sen- 
teric  tuberculosis  aie  really  infected  with  bovine  bacilli.  Tliese  bacilli 
are  capalile  of  infecting  cattle. 

At  present  then  we  must  assume  that  bovine  bneilli  are  capable  of 
infecting  those  who  are  veiy  susceptible,  such  as  young  children. 
Whether  adults  are  also  infected  has  not  yet  been  <lccided.  Such  views 
as  Behring'a,  that  much  adult  tuberculosis  is  due  to  infection  in  child- 
hood with  bovine  bacilli  which  have  remained  latent,  arc  prol>ably  very- 
extreme.  This  question  is  in  great  need  nf  further  study.  At  present 
no  cattle  which  are  tuberculous  should  l)e  allowed  to  furnish  milk,  or 
at  least  such  milk  should  not  l»e  usetl  for  drinking  pnrpo.**.s  without 
Vieing  steriliired.  The  flesh  is  less  hannful,  as  muscular  tissue  is  seldom 
infected. 
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Bird  I  Avian)  Tuberculosis.— Tnhemilosis  is  very  common  and  infec- 
tious anions  fowls.  Tin*  Imi-illi  llifinst'lvcs  grow  more  readilv  on 
artiGciiil  culture  media  and  produce  h  morv  even  and  moi:it  gmwlh. 
Tliey  «pe  alije  to  develop  at  n  temperature  of  43.5"  C,  whicli  is  almre 
that  at  which  the  human  and  Inivine  ty|>e3  can  usually  grow.  The 
bacilli  nrc  more  apt  to  show  hraiiching  forms  than  the  lunrian.  In 
rabbits  they  prorhice  very  similar  lesions,  but  guinea-pigs  are  much 
less  stu?<!eplilile.  Binls  arc^  niiich  less  .sii.sceptible  to  bacilli  from  human 
or  Ijovine  sources  than  to  those  from  binls.  Nocard  states  thai  bacilli 
from  human  sourees  jilactfl  in  wdlmlinn  saas  and  iusertcd  into  the  peri- 
toneal ravily  of  bints  gnidiialty  awjuin?  nvarian  elmrarterislie-^,  so  that 
after  eighteen  months  they  can  readily  infect  fowls  and  appmarb  the 
avian  cultural  tyi^n*.  This  suggestii  thai  l>ovine  bacilli  remaining  in 
man  for  years  might  acquire  human-tj-pe  characteristics.  Tliey  are 
undoubtrdly  from  the  same  st<K'k  as  the  luamtnalian  varieties,  but  ha\*e 
become  modified;  it  is  not  iM-lieved  that  tliey  are  any  factor  in  the 
production  of  human  tuliereulosis. 

Taberenlosts  in  Fish. — In  cenaiti  s[>ecies  uf  fish  a  lulierculous  diseaM 
has  Wen  noted.  The  bacilli  have  the  staining  chamcteristica  of  the 
warm-blooded  types,  but  do  not  grow  at  body  temperature  and  do 
not  atfect  mammals. 


Methods  of  Examination  for  Tubercle  Bacilli  and  Other  Associated 

Bacteria. 

One  of  the  meat  important  results  of  the  discovery  of  the  IuIktcIc 
bacillus  relates  to  the  practical  ttiagnosis  of  tuberciila^is.  The  staining 
peculiarities  of  this  bacillus  renders  it  possible  by  the  bacteriological 
examination  of  microscopic  preparations  to  make  an  almost  abso- 
lutely positive  diagnosis  in  the  luajoritv  of  cases.  A  still  more  certain 
test  in  doubtful  cases  is  the  subcutaneous  or  intraperitoneal  injection 
of  guinea-pigs,  which  |>ennits  of  (he  dctcrminntioti  of  the  presence  of 
numl^ers  of  bacilli,  so  small  as  to  escape  detection  by  microscopie 
examination.  For  the  animal  test,  however,  time  is  required — at  least 
three  weeks,  and,  when  the  result  is  negative,  at  leaat  six  weeks — before 
any  positive  conchision  can  be  reached,  for  wlten  only  a  few  bacilli  arc 
present  (uherculosU  develojis  slowly  in  animals. 

Microscopic  Examination  o(  Bputmn  lor  tb«  Presence  of  TabarcU  BacilU. 
1.  Collection  of  Matf.iiiai..— The  sputum  should  be  collected  in  a 
clean  Ijottle  (two  omiee)  with  a  wide  imtulh  and  a  water-tight  stop|ier, 
and  the  bottle  luWIIefl  with  the  name  of  the  patient  or  with  .some  other 
distingubliing  mark.  The  expectoration  disctuirged  in  tlie  morning  is 
to  be  preferred,  especially  in  recent  coses,  and  the  material  should  be 
coughe<l  up  from  the  lungs.  Care  should  Iw  taken  that  the  contents 
of  the  stomach,  luisopharyngeal  mucus,  etc.,  are  not  discharged  during 
the  act  of  cspectomlion  and  collected  insteafl  of  pulmonary  sputum. 
If  the  expectoration  be  scanty  the  entire  amount  discharged  in  tnTnty- 
four  hours  should  be  collectoil.     In  puhnonary  tuberculosis  the  puru- 
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lent,  cheesy,  and  mucopurulent  sputum  usually  contains  bacilli;  while 
pure  mucus,  blowl,  and  saliva,  as  a  nilc,  do  not.  When  lit-nunrliajce 
has  occurred,  if  possible, some  purulent,  cheesy,  or  uuicopurulent  sputum 
should  be  colleclefl  for  examination.  The  sputum  should  not  be  kept 
any  longer  than  necessar)-  l»efore  examination,  for,  thoiiRh  a  slight 
delay  or  even  till  putrefaction  U'gins,  do«w  not  vitiate  the  result  so  far 
as  the  examination  for  tubercle  bacilli  is  ciinceriieii.  it  almast  destroys 
Any  proper  investigation  of  the  mixed  infection  present;  it  Is  Ijest,  there- 
fore, to  examine  it  in  as  fresh  a  condition  as  possible,  aii<l  it  should  be 
kept  on  ice  until  examine*]  if  cultures  are  to  l»c  made. 

2.  Metuodm  or  Examinatiox.  Examinativn  for  Tubercle  Bacilli. 
— Pour  the  specimen  into  n  clean,  shallow  vessel,  having  a  blackened 
bottom — !i  Petri  (iish  placed  upon  a  sheet  of  dull  black  paper  answers 
the  purpase^and  seli-ct  fmni  the  sputum  some  of  the  tnre  expectora- 
tion, containing,  if  passible,  one  of  the  small  white  or  yellowish-white 
cheesy  masses  or  "balls"  which  it  contains.  From  this  make  rather 
tliick  cover-glass  or  slide  "smears"  in  the  visual  way.  In  doubtful 
coses  a  number  of  these  coarse  or  fine  particles  should  !«•  placed  on 
the  slide.  The  materia!  Iwing  thick,  should  be  evenly  spread  and  very 
thoroughly  dried  in  the  air  before  heating.  Immerse  this  in  a  sduiion  of 
Ehrlich's  aniline-it^ter  fnch.s.in,  contained  in  a  thin  watcli-gla.ss  or  porce- 
lain dish,  and  steam  over  a  small  flame  for  two  minutes.  Then  remove 
the  glass  from  this  and  wash  with  water.  Now  defolori7,e  by  immersing 
the  staine<l  preparation  in  a  3  per  cent,  hyilrochloric  aciil  solution  in 
alcohol  for  from  one-half  up  to  one  niunite,  renmving  at  tiie  time  when 
ail  color  is  just  about  gone  from  the  cover-gla.ss  smear.  Wash  thor- 
oughly with  water,  and  make  a  contrast  stain  l>y  applying  a  cold  solu- 
tion of  Loeftler's  alkidine  ntethvlene  blue — 


{'nnoenlratcd  alonliniir  anlntinn  nf  iTwthylm«  bine               .       SO  ca 
C«UBlic  putiwh  (l:iO,000  soluttDii) 100    '* 


for  from  6ftccn  to  thirty  seconds.  Wash  with  water;  press  between 
folds  of  filter  paper;  dry  in  the  air;  mount  and  examine. 

TTie  tubercle  bacilli  are  <li.stinguished  by  the  fart  that  they  retain 
the  re«l  color  imparted  to  them  in  the  fucbsin  .solution,  while  the  other 
bacteria  present,  having  been  decolori/ed  in  the  aciil  solution,  lake 
the  contrast  stain  and  appear  blue.     (See  Plate  I.,  Figs.  1  and  2.) 

Various  methoils  have  been  suggested  for  the  staining  nf  tubercle 
baciUi,  but  the  original  method  as  employed  by  Koch,  or  some  slight 
modification  of  it,  b  so  satisfactor)*  in  its  results  that  it  seems  unneces- 
sary to  substitute  others  for  it.  The  almve  is  a  slight  modification  of 
the  Koch-Khrlich  method,  differing  from  it  chiefly  in  the  use  of  a  weak 
for  a  strong  acid  decolorizer.  It  has  been  foimd  that  the  strong  acid 
solution  originally  emplovwl  (T)  per  cent,  .sulphuric  acid  sohition  in 
alcohol)  often  decolorizes  some  of  ttie  baciUi  entirely  by  its  too  energetic 
action,  and  that  a  weaker  decolorizer,  such  as  the  above,  gives  more 
uniform  results. 
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Instead  of  the  Kuch-Ehriirh  aniline-water  solution,  ZiekVa  earhot^ 
fvciiain  soluiwn  may  Iw  iiseil,  and  is  bv  many  preferred.  Instead  of 
floating;  the  cover-glass  smears  on  the  staining  fluid  tlrey  can  be  held 
in  the  Comet  forx^rps,  coveretJ  and  kept  covered  completely  with  fluid 
while  stenmed  for  two  minutes  over  the  flame. 

The  Kocli-Eliriich  aniline-water  solution  deoomposea  after  having 
been  made  for  a  time,  so  that  It  must  he  freshly  prepared  as  needed. 
Solutions  older  than  fourteen  days  should  not  be  used.  The  advan- 
tages in  using  Zichl's  curbol-fuclisin  solution  are  that  it  keeps  well 
an<l  is  more  convenient  for  use  in  small  fjuantities. 

Another  metho<l,  which  is  often  of  value  on  account  of  its  simplicity 
and  rapidity  of  performance,  is  that  of  Frankel  as  modified  bv  Gat^ 
bett.  i'his  consists  in  staining  the  cover-glass  "smear"  with  steaming 
Ziehl's  carhol-fuohsin  solution  for  from  one  to  two  ntinutes,  and  then, 
after  washing  in  water,  placing  it  from  one-half  to  one  minute  ilire<'lly 
in  a  second  solution  which  contains  both  the  acid  for  decolorizing  uiid 
the  contrast  stain.    This  second  solution  consists  of — 

Bu1[>huriu  arid     .........     S)  r.c. 

M«ih5l«ne  b1u«  in  ttibstKnce Sgrm. 

Wnler 76  cc 

It  is  then  wHshefl  witli  water  ai]rl  lit  reatly  for  examination.  Tlie  tubercle 
bacilli  will  remain  red  ns  stained  by  llie  fuclisin,  while  all  tlie  oilier 
bacteria  will  be  tinted  blue. 

When  tlie  numln'r  of  tubercle  bacilli  in  sputum  is  very  small  they 
may  easily  escape  <letection.  Methods  have,  ihereforc,  l^een  suggr-steil 
for  fmding  them  under  these  circumstances.  Ribbert  proposed  (he 
addition  to  the  sputum  of  an  equal  amount  or  more  of  a  3  per  cent,  solu- 
tion of  caustic  potash,  and  boiling  the  mixture.  Tlie  mucus  is  stirre*! 
slightly  until  it  i.s  dLssolvcil.  To  thi.s  an  eqvial  amount  of  water  is  stirred 
in  and  the  whole  is  placet!  inaconienl  glass  vessel;  and  any  liacilli  pn-.srnt 
are  deposited  at  the  bottom  aiul  may  be  found  in  the  sediment  after 
removing  the  su[»ematant  fluid:  The  sedimentation  may  be  obtained 
more  (piickly  by  the  centrifugal  machine. 

Detection  of  Tab«rcl6  BkUU  in  UriDe  and  Feces.— The  cathetcrized 
urine  is  centrifugcd.  If  little  sediment  apjwars.  the  upper  portion  of  the 
fluid  is  removed  and  the  remainder  again  centrifuged.  If  the  urine  is 
rich  in  salts  of  uric  acid,  the  same  may  \m>  diminished  by  carefully  warm- 
ing the  urine  before  treating  it.    If  too  alkaline  add  a  little  acetic  acid. 

The  feces  are  examined  for  any  purulent  or  mucous  particles.  If 
none  are  found  the  larger  musses  of  feces  iire  removed  and  then  the  trst 
diluted  and  cenlrifugidi7«d.  The  examiner  must  remember  that  liarilU 
swiiIIqwciI  with  the  sputnin  may  appear  in  the  feces. 

ExamiDition  for  Other  Bacteria  (Hized  Infection). — With  regaitl  to 
(lie  iKictfTwIofftral  tiiagnosis  of  puhuonarj*  phthisis,  many  consider  that 
it  is  uut  enough  to  show  only  the  presence  of  lultercle  bacilli;  it  is  held 
to  be  of  importance,  both  for  purposes  of  pn^osis  and  tn^atment. 
that  the  presence  of  other  micro-organisms  wliich  may  1«  associated 
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wiih  the  tubercle  bacillus  should  also  be  dctemiinetl.  It  is  now  usual 
to  flistingutsh  pure  tul>erculosis  «f  the  luiips  fmiii  u  mbced  iiifectiou. 
Phthisis  due  to  the  tubercle  bacillus  alone,  which  constitutes  but  a 
small  percentage  of  all  cases,  may  occur  almost  without  febrile  reac- 
tion; or  when  fever  occurs  the  prognosis  is  nnfavomble,  thus  iiuJicaling 
that  the  disease  is  already  advanced.  It  is  in  the  imcoiuplifated  forms 
of  phthisis,  nion-ovcr,  where  one  must  exjx-ct  if  atiywlierf  Uif  tm-st  results 
from  treatment  with  tutnerculin  or  antituberculous  serum.  The  majority 
of  cases,  however,  of  pulmonary  tuljerculosis  show  a  mixed  infection, 
especially  with  varieties  of  the  streptococcus  and  pncumococcus.  These 
CILM3  may  l>e  active,  with  fever,  or  passive,  without  fever,  according, 
perhaps,  as  the  parenchyma  of  the  lung  is  invaded  by  the  bacteria;  or 
they  are  only  sui»crfitially  located  in  cavities,  bronchi,  etc.  Mixed 
infection  with  the  staphylococcus,  otlter  micrococci,  and  with  the  influ- 
enza bacilli  have  also  l)eeri  frequently  met  with  by  us.  The  tetrngenus 
has  not  been  often  detected  by  us  in  thoroughly  washed  fresh  sputum. 
At  present  the  facts  seem  to  prove  that  the  tuljcrcle  bacilli  have  in  the 
great  majority  of  cases,  at  least  until  shortly  before  death,  a  much  more 
important  role  than  the  associated  bacteria. 

Spattim  Wasliing;. — Some  of  the  as.soriated  bacteria  found  in  the 
^ctoration  come  from  the  di3ease<i  areas  of  the  lungs,  while  others 
were  merely  addeil  to  the  sputa  as  it  passed  through  the  mouth,  or 
have  developed  after  gathering.  'I'o  endeavor  to  sepamte  the  one 
from  the  other  we  wash  the  sputa.  The  first  essential  is  that  the  mate- 
rial be  washec3  within  a  few  minutes,  and  ccrlainly  wifliin  an  tiour,  of 
being  e.xpeclorated.  If  a  longer  time  is  allowed  to  inten'ene,  the  bac- 
teria from  the  mouth  will  penetrate  into  the  interior  of  the  uiucus,  and 
thus  appear  as  if  they  came  from  the  lungs.  Sputum  treated  twenty- 
four  hours  after  its  expectoration  is  useless  for  examining  for  anytliing 
except  the  tuliercle  bacillus.  A  rough  methotl  is  to  pour  some  of  the 
specimen  of  .sputum  to  he  examined  into  a  convenient  receptacle  con- 
taining sterile  water,  and  withdraw,  by  means  of  a  sterilized  platinum 
wire,  one  of  the  cheesy  masses  or  thick  "balls"  of  nnicus.  Pass  this 
loop  Gvc  times  through  sterile  water  in  a  dish;  re|>ent  the  uf>eration  in 
fresh  water  in  a  second  and  third  dish.  Spread  what  remains  of  the 
mass  on  cover-ghisses  and  make  sineai'  jtreparalions;  staiu  and  exainuie. 
With  another  mass  inoculate  ascitic  bouilton  in  tul>es  ami  agar  in  plates. 

When  we  wish  to  thoroughly  exclude  mouth  bacteria,  a  lump  of  the 
sputum  raised  by  a  natural  cough  \s  seized  by  the  force.ps  and  trans- 
ferred to  a  bottle  of  sterile  water  and  tiioronghly  shaken;  it  is  then 
removed  to  a  second  bottle  of  bnuillon  and  again  thoroughly  shaken. 
From  this  it  is  passed  in  the  same  way  through  four  other  bottles  of 
bouillon.  A  portion  of  tlic  mass  is  now  smeared  over  cover-glasses, 
and  the  rest  inoL-ulated  in  suitable  media,  such  as  agar  in  Petrie  dishes, 
and  ascitic  fluid  bouillon  in  tubes.  If  desired  the  bacteria  washed  off 
in  the  different  washings  are  allowed  to  develop. 

Practical  Notes  on  th«  Examination  for  Mixed  Infection.^ — 1.  The 
difficulties  to  be  overcome,  in  order  to  obtain  sputum  consistuig  pre- 
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sumably  of  exinlate  from  titr  (ie«per  portions  of  th«  lungs,  are  so  K>^at 
that  the  collection  of  the  specimens  .shnnKI  be  supervised  bv  the  bacteri- 
ologist ill  charge  of  tlif  work  of  exHiiiinution. 

2.  Specimens  of  sputum  ctillected  even  with  the  greatest  precaution 
may  ffive  cviilcniT  of  tli'cidei]  mouth  itifcctton  utiU'ss  immedintely 
washed. 

3.  'Die  spiituin  nuist  l>e  fxamiucd  very  soon  ufler  collection. 

4.  The  culture  raediuin  used  for  the  Hnal  cultures  must  be  suitable 
for  the  growlli  of  the  micro-organ ums. 

5.  At  least  two  successive  examinations  of  sputum  should  be  made 
in  each  case. 

0.  The  residts,  es[)eeially  as  to  the  numl>er  of  colonies,  varj'  accord- 
ing to  the  size  and  tenacity  of  the  hall  of  sputum  washeil—  e.  g.,  a  small 
ball  of  sputum  which  l»ecomes  more  or  less  broken  up  upon  thorough 
shaking  may  contain  ver\'  few  or  no  bacteria. 

\Villiam3,  in  the  examination  of  the  sputum  in  some  40  cases,  came 
lo  the  following  conclusions:  1.  The  j>resence  of  a  large  nundier  of 
bacteria  in  a  satisfacton.'  and  thorouglily  washed  S|>ecimen  of  sputum 
indicates  that  these  bacteria  probably  play  an  active  part  in  the  disease. 

2.  The  presence  of  a  small  number  of  bacteria  in  such  sputum  do« 
not  necessarily  inilicate  that  they  are  not  active  in  that  case,  for  tliey 
may  penetrate  more  or  less  deeply  into  the  lung  tissue,  and  produce 
pathological  changes  without  lieiiig  thrown  olV  in  large  mmilters  with 
the  exudate.  It  is  probable,  however,  that,  as  a  rule,  the  smaller  (he 
number  found  the  less  the  degree  of  mixed  infection. 

3.  Cases  of  clinically  secondary  infection  frequently  give  pure  cul- 
tures of  some  one  oi^nism,  which  appear  to  be  capable  of  causing  the 
symptoms. 

4.  In  tlie  majority  of  severe  cases  of  clinically  mixed  infection  many 
organisms  have  been  found  which  usually  have  Ijelonged  to  se^-eral 
different  species  or  varietic-s. 

5.  In  the  nuijnrity  of  cases  of  clinically  non-mixed  infection  very 
few  organbms  have  been  found. 

6.  Only  bacteria  which  might  cause  pathological  changes  were 
present. 

7.  \'cty  few  of  the  organisms  found  were  very  virulent  in  rabbits, 
even  though  coming  from  .wvere  cases  of  mixed  infection. 

The  virulence  for  Ial>oratory  animals  of  bacteria  obtained  from  the 
aputum  Is,  therefore,  no  indication  of  their  virulence  for  man,  because 
of  the  impossibility  of  n'productng  in  such  animals  the  exact  condition 
of  su.Hceptibility  present  in  human  infection. 

Oen«ral  Rulas  in  Microscopic  Ezamiaation  of  Sputum. — .-Uways  make 
two  still  preparations  from  each  specimen.  Ucport  no  result  as 
negative  until  at  least  two  preparations  have  been  subjected  to  a 
thorough  search  with  a  M2  oil-immersion  or  2  mm.  apochromatic  lens 
by  means  of  a  mechanical  stage.  From  a  very  large  experience  in 
the  examination  of  .iputuni  for  tuliercle  ba<-illi,  the  New  York  Health 
Department  bacteriologists  have  concludeil  that  the  examination  of 
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two  preparations  of  earh  specimen,  in  the  careful  iiiaiiniT  ilcsrHlieci 
above,  is  u-snaUy  sufficient  to  <Ieinonstmte  tiie  preseiKv  of  tlie  Imcilll 
when  tliey  are  present  in  the  sputji,  and  tlit-y  are  usually  fouml  to  Ijc 
present  to  this  extent  in  fairly  well-tie velopetl  cases  of  pulnionar)' 
twherculosia,  and  in  many  cases  which  are  in  the  incipient  stage.  There 
are,  however,  iiiidouhted  case.-^  of  incipient  puhiioiiary  tulxrcnlosis 
which  ref|uire  the  examination  ul  many  preparations  Ijcfore  the 
tubercle  bacillus  can  he  fouiid ;  atnl  t-asvA  also  m'cur  in  which  the  sputum 
for  a  time  does  not  contain  the  bacilli,  which  were,  nevertlieless, 
present  at  an  earlier  periwl,  and  which  ofrnin  later  apjwar.  Therefore, 
if  cases  occur  which  may  be  still  repinlcd  as  possibly  tulierculosis, 
further  examinations  of  tlu'  sputum  shciuhl  be  made.  It  should  also 
be  constantly  borne  in  mind  that  the  demonstration  of  the  presence 
of  bibeix'le  bacilli  in  the  sputum  proves  about  as  conclusively  as  any- 
thing can  the  existence  of  some  decree  of  tulierculosLs;  but  that  the 
absence  of  tulwrclc  bacilli  or  the  failure  to  fiiiil  X\\v\i\  micrascopically 
does  not  positively  exclude  the  existence  of  the  diseiise.  Here  tuberculin 
can  l>e  made  us4>  of. 

Staining  of  Tubercle  Bacilli  ia  Tisaues.— Thiu  sections  of  tuberculous 
tissues  may  Ix"  stained  by  the  same  methods  recommended  for  covei^ 
fclass  pivjHi  nil  ions,  except  that  it  is  Ijest  not  to  employ  heat  to  any 
extent.  Fixation  in  bichloride  of  mercurj'  is  better  than  in  alcohol. 
FormaHn  is  a  bad  fixative,  as  it  makes  the  tissues  hold  the  fuchsin  with 
as  much  tenacity  as  the  bacilli.  Both  paraflin  and  crelloidin  may  be 
used  for  embedfliug,  but  the  fomner  is  better. 

EHnLion'.s  MfrrnoD.^Place  the  pamffin  sections  in  aniline  fuchsin 
ami  leave  at  37°  C.  for  from  six  to  twelve  hours,  or  at  about  SO**  C.  for 
three  to  five  minutes,  the  sections  are  then  washed  in  water;  then 
decolorize  by  placing  them  for  about  half  a  minute  in  dilute  nitric  acid 
flO  per  cent.),  or  in  .3  per  cent,  hydrochloric  acid  in  alcohol;  wash  in 
60  per  cent,  alcohol  until  no  more  color  is  given  off;  counterstain  for 
two  or  three  minutes  in  a  saturated  aqueous  sohttion  of  methylene  blue, 
or,  better,  with  hnimatoxvlin;  wash  in  water;  <lehy"]rate  with  alisohite 
alcohol;  clear  in  oil  of  cedar  or  xylol,  and  mount  in  xylol  balsam. 

Metiiot*  of  ZiKni,-XEKL»saN.^.Stain  the  section  in  wanned  carlMil- 
fuchsin  solution  for  one  hour;  the  tcinperatuiv  to  Iw  not  over  ATi!^  to 
50°  C-  Decolorize  for  a  few  seconds  in  5  per  cent,  sulphuric  acid, 
then  in  70  per  cent,  alcohol,  anrl  from  this  on  as  in  the  Elirlich  method. 

InocalatioD  of  Animals. — The  inoculation  of  sus|>ecled  material  into 
guinea-pigs  sometimes  produces  tuberculosis  when  no  bacilli  couhl  !« 
detectetl  by  microscopic  examination.  The  material  may  l)e  injected 
into  the  siibcnt.ineous  (issues,  into  the  peritoneal  cavity,  or  into  the 
niammar\'  gland  of  a  pregnant  guinea-pig. 

OaltiTatiOD. — Tliis  is  so  difficult  and  ret|uires  so  much  time  that  it  is 
not  used  excc|it  in  important  investigations  upon  the  nature  of  the 
tubercle  bacilli. 


CHAPTER   XXIT. 
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BACILLI  SHOWING  STAINING  RKACTIONS  SIMILAR  TO  THOSE  OF 

THE  TUBRUCI.K  BACU-LI-Ll'STGARTEVS  RACrr.r.US-SMRGMA 

BACitJJIS— LKl'HOSY  HACIT-LrS-fJUASS   BACILLL 

Lastgarten'B  Bacillus — Smeg:nia  Bacilltu. 

Bactlm  were  discovrn-*!  l»_v  Liistgnrtrn  in  svphilitic  lesioiw  nf 
syphilitic  ulcers  flS84),  ami  Ijelieved  bv  liini  to  be  the  specific  causp 
of  this  (]tsease.  It  has  suicc  bwn  showii  that  in  iiomial  smegma  from 
the  prepuce  or  the  vulva  bucilli  are  found  in  preut  abundance,  siinilar 
in  their  morphologj-  to  the  bacillus  of  LustfiHrten,  but  differing,  as  a 
nip.  sli[;ht!y  in  certain  .staining  peculiarities.     (See  Fig.  98.) 

Morphology. — Stniight  or  ciir\ed  liactlli,  which  l>ear  considerable 
re-seniblancft  to  tul»errle  hacilli,  but  dilferfroni  them  in  staining  reactions. 

The  bacilli  are  nut  usually  foumi  free  in  the 
tissues,  but  commonly  lie  singly  or  some- 
times in  groups  within  the  Interior  of  i-ells, 
having  «  round,  oval,  or  polygonal  fonn, 
and  apparently  somewhat  swollen. 
,  .  ^^  Stainin;.  —  The    bacillus    of    Ltislptrten 

I  V    7  "^  .itnins  with  almost  as  much  difficulty  as  the 

'  y^^     '  tul»ercle  bari]!u.*<,  hut  is  much  less  resistant 

'     ^^  •  to  the  action  of  certain  decolorizing  agenbt, 

N     ^V*^  snrli  as  mineral  acids,  partieularly  sulphuric 

acid. 
Biological    and    Pathogenic    PropertiM.  — 
KmaviM  Mriiii,  »im\UT  In  chtr-  Numerous  attempts  have  Ix-<-ri  made  to  eul- 
X  iioodiBmcw™.  tivatc  the    l>aciUus  of    I^ustgarttn  on   arti- 

ficial   media,    but    with   doubtful    success. 
The  inoculation  of  anipials  has  also  given  only  negative  reaulLs. 

Lustgarten's  bacillus  tuts  been  found  in  various  syphilitic  tiasues  ami 
lesions,  in  beginning  sclerosis,  in  the  papules,  in  condylomatu  and 
gnumiatH,  and  not  only  in  the  vicinity  of  the  genitals,  but  also  in  the 
mouth,  tliroat,  heart,  and  braiTi.  No  salisfaelorv  experimental  evidence 
has  Iwen  given  of  its  causative  relation  to  syphilis.  The  finding  of 
saprophytic  l>actlli — the  so-callc<l  smegma  bacilli — (Fig.  98  ami  Plate  I., 
Fig.  4)  almost  identical  niorphologieally  with  the  bacillus  of  Lustgarten, 
under  the  prepuce  of  healthy  persons,  does  not  prove  the  identity  of 
the  two  Ittcilli,  though,  in.  tlie  alisence  of  cultures  and  inoculation  experi- 
ments, we  have  not  the  mejins  of  establishing  their  relationship  to  one 
another.    The  smegma  bacilli  have  never  been  identified  in  other  parta 
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of  the  body,  except  in  the  neighborhood  of  the  genitals.  \\"hile  the 
baciUus  of  Lustgarten  cannot  resist  the  prolonged  decolorizing  action 
of  acids,  bnt  m  rcsist&ut  to  the  nction  of  nlcohol,  the  smegma  bacillus, 
vrhen  stainoj,  is  quickly  decolorized  by  alcohol,  but  quite  resistant  to 
6  per  cent,  sulphuric  acid  solution.  liesides,  the  sL-philis  bacillus  has 
been  found  iji  papides,  in  gunitnatJi.aud  oilier  syphilomata,  where  there 
seems  no  probability  whatever  ni  the  smegma  bacillus  liaving  emigrated. 
Finally,  other  bacilli  Imve  Wen  dc:}Cribe4l  and  claimed  to  l>c  the  specific 
cause  of  syphilis,  but  none  of  these  discoveries  have  been  confirmed. 
The  latest  micro-organism  is  discussed  under  ])rotozoa. 

Syphilitic  Infection. — Infection  of  those  not  immune  can  take  place 
at  any  time  when  an  abrasion,  however  small,  is  brought  in  contact 
with  the  hloorl  or  secretions  from  the  primary  or  secondan,"  lesions  of 
syphilitics. 

The  dijjrrcniial  diotfiioxiy  of  lAistgnrten's  bacillus  must  be  made 
from  the  tuben-lc  bacillus,  the  smegma  bacillus,  and  the  leprosy  bHcillus. 
According  to  Huep|je,  the  differential  diagnosb  between  these  four 
organisms  depends  upon  the  following  reactions:  When  stained  by 
the  carltol-furhsin  method,  commonly  employed  in  staining  the  tul>ercle 
bacillus,  tlie  syphilis  bacillus  becomes  aUnost  instantly  decoloriised  by 
treatment  with  mineral  aciils,  particularly  sulphuric  acid;  whereas,  the 
smegma  ImcilKis  resists  such  treatment  for  a  much  longer  time,  and 
the  lepra,  and  tubercle  bacillus  for  a  still  longer  time.  On  the  other 
hand,  if  decolorizallou  is  practised  with  alcohol  instead  of  acids,  the 
smegma  bacillus  b  the  first  to  lose  its  color.  The  bacillus  tuberculosis 
and  the  bacillus  of  leprosy  are  both  very  retentive  of  their  color,  even 
after  treatment  with  acids  and  alcohol.  If,  then,  we  treat  the  preparation, 
staineil  with  carbot  fuclisin,  with  sulphuric  acid,  the  syphilis  bacillus 
becomes  almost  at  once  decolorized.  1  f  it  is  not  immediately  decolorized, 
treat  with  alcohol;  if  it  is  then  dccoloriz^-d,  it  is  the  smegma  bacillus. 
If  it  is  still  not  decolorized,  it  Ls  either  the  leprosy  or  the  tubercle  bacillus. 

By  tliese  meth^Kls  (he  difl'erential  diagnosis  can  usually  \ie  made. 
In  all  investigations  of  importance,  howex'er,  animni  inoculations  should 
also  be  made,  as  by  this  means  alone  can  a  positive  diagnosis  from 
tuberculosis  be  established.  Especial  care  should  be  ob3er\'ed  in  the 
examination  of  syphilitic  ulcers  of  the  genital  region,  as  in  this  situation 
the  smegma  bacilli  are  almost  always  present. 


Leprosy  Bacillus. 

The  bacillus  of  leprosy  was  discovered  by  Hansen  and  Neisser  fl879) 
in  the  leprous  tubercles  of  persons  afflicted  with  the  disease.  This 
discover.'  Was  conflrnieil  by  many  subsequent  observers. 

Morphology. — Small,  slender  rods  resembling  the  tul>erele  bacilli 
in  form,  but  somewhat  shorter  and  not  so  frequently  cun^ed.  The 
rods  have  pointed  ends,  and  in  stained  prepartxtions  unstained  spaces, 
similar  to  Ujoae  observed  in  the  tul>ercle  bacillus,  are  seen.  They  tlain 
readily  with  (he  aniluie  colors  and  also  by  Gram's  method.    Although 
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ilifTeriiift  sligiitly  from  tlie  tiilwrcle  hBcilUis  in  tl*e  ense  with  wliicli  they 
tiike  up  thi"  onliiiurv  utiilitu*  ilyes,  tlicy  l«'have  like  tulMTcle  tmcUlt  in 
retttining  tlieir  color  when  subseuueiitly  tn-atctl  with  strong  :iululions 
pf  the  mineral  aci<l$  and  iLlcohoi.  Tlie  slif^ht  difference  in  staining^ 
chancieri.'iticii  i^  too  little  to  be  relied  upon  for  diafintislic  piiqjoses. 

Biological  Characters, — Attempts  to  cultivate  tlie  bacillus  lepne  have 
been  frecjuently  made,  but  so  far  with  negjitive  rexulut. 

PAthogeneau. — Numerous  inoculation  experinients  have  been  made 
on  animals  with  portions  of  leprous  tubercles,  but  there  is  no  concltisive 
evidence  that  leprosy  ran  be  Inin.sinitCcd  to  the  lower  aniuiats  by  inocu- 
Iftlion.  The  infereitee  that  litis  bacillus  Ixiirs  hh  eliiili>gical  rvhition 
to  the  disease  with  which  it  is  assticialed  Ls  Uised  entirely  upon  the 
demonstration  of  its  constant  presetice  in  lepruus  tissues  (Fig,  90). 


Fia.n 
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The  bacilli  are  found  in  all  the  diseased  parts,  and  usually  in  large 
numbers,  especially  in  tuliercle.s  on  the  skin,  in  the  conjunctiva  and 
eomea,  the  niticous  membranes  of  the  mouth,  gums,  and  lar\'nx, 
and  in  the  interstitial  prrK-esses  of  the  nerves,  testifies,  splf«'n.  liver, 
and  kidneys.  Tlie  ro<)5  lie  almost  exclusively  within  the  peculiar  round 
or  ova]  cells  of  the  graoulation  tissue  which  composes  the  leprous 
tubcR'les,  either  irregularly  scattered  or  urmnged  parallel  to  one  another. 
In  old  centres  of  infection  tlie  leprosy  cells  containing  the  bacilli  are 
larger  and  often  polynuclcar.  Giant  cells,  such  as  are  found  in  ttiber- 
culosis,  are  claimed  to  have  l>een  obser\'eil  by  a  few  inve!ttigutor3  (Boinet 
and  Borrel).  In  the  interior  of  the  skin  tulwrcles,  the  hair  follicles, 
sebaceous  and  sweat-glands  are  often  altaeked,  and  iMuilM  have  some- 
times been  found  in  these  (I'ima,  elc).  Quite  young  eruptions  often 
contain  a  few  bacilli.  A  true  caseation  of  the  tul>ercles  does  not  occur, 
but  ulceration  results. 

In  the  amesthetic  forms  of  leprosy  (he  bacilli  are  found  most  commonly 
in  the  nen'es  and  less  frequently  in  the  skin.    They  have  l>een  demon- 
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strated  in  the  sympathetic  nen'oiis  .system,  in  tlie  spinal  cord,  Bnd  in 
the  brain.  The  bacillus  tepm-  occurs  also  in  tlic  blood,  partly  free  and 
partly  within  the  leukocytes,  especially  rfurinR  the  febrile  stage  which 
precedes  the  breaking  out  of  fresh  tiiliercli-s  (Walters  nnil  Dontrcleponl). 
TTie  bacilli  have  also  l>een  found  in  the  intestines,  in  the  lungs,  and  in 
the  sputum,  but  not  in  (he  urine. 

With  regard  to  the  question  of  the  direct  inheritance  of  the  disease 
from  the  mother  to  the  unboni  child  there  is  cousiderable  dilfcrencc  of 
opinion.  Some  cases  have  been  reported,  however,  in  which  a  direct 
transmission  of  the  l>acilhis  during  intrauterine  life  seems  to  be  the 
only  or  moat  plau.sible  exjilanation  of  the  infeetion.  At  the  same 
time,  we  have  no  positive  experiinentul  evidence  to  prove  that  such  an 
infection  does  take  place.  Although  many  attempts  have  \tvfn  made 
to  infect  liealthy  individuals  with  tnalerial  containing  the  bacilli  of 
leprosy,  the  results  are  not  conclusive.  Even  the  experiments  made  by 
Araing,  who  successfully  infected  a  condemned  criminal  in  the  Sandwich 
Islands  with  fresh  leprous  tul)ereles.  and  which  has  been  regarded]  as 
positive  evidence  of  the  trans missibility  of  ihe  disease  in  this  way,  is  by 
no  mean.s  conclusive;  for,  according  to  Swift,  tlie  man  had  other  oppor- 
tunities for  Incoming  infected.  These  negative  results,  together  witli 
the  fact  that  infection  docs  not  more  frequently  occur  in  persons  exposed 
to  the  disease,  may  possibly  lie  explaintnl  by  the  assumption  that  the 
bacilli  contained  in  the  tuhemdous  ti.ssiie  are  nio.stly  dead,  or  much 
more  probably  that  an  individual  susceptibility  trj  the  disease  is  requisite 
for  its  production. 

The  widespread  idea,  Iwfore  the  discovery  of  the  leprasy  bacillus, 
that  the  disease  was  associated  with  the  constant  eating  of  dried  fish 
or  a  certain  kind  of  fooil,  has  now  been  entirt-ly  abandoned. 

The  relatictn  of  leprasy  to  tidjerculosis  i.s  sufficiently  evident  fn>m 
their  great  siiiillantv  in  tunny  res[>ecls.  This  is  rendered  still  more 
remarkable  if  the  observation  a'cently  made  is  true,  tlmt  leprosy  reacts, 
both  locally  and  generally,  to  an  injection  of  tuliereulin  in  (he  same 
maimer  as  tulw-n-iilosis  (Babes  and  Kalindero). 

Differential  Diapioiis.— The  difTercntial  diagnosb  between  leprosy 
ilind  tulwrculosts  \»  not  difticult  in  tj-pical  cases.  The  large  numbers 
of  bacilli  found  in  the  interior  of  the  cells  woidd  point  with  great  prob- 
ability to  leprosy.  Too  much  ini|>ortiince  should  not  l>e  phiced  upon 
the  staining  pecidiarities,  as  these  are  not  constant.  Moreover,  the  two 
'diseases  not  tTifrf(|nently  ijccur  togelber  in  the  sanii'  individual.  In 
making  the  diagnosis,  therefore,  alt  the  signs,  histological  and  patht»- 
genic.  must  be  considered  and  animal  inoculations  made. 


Timothy  and  Other  Grass  Bacilli. 

On  various  grasses,  in  cows'  luanun.',  in  butter,  and  in  milk,  there 
liave  been  discovered  a  nnralwr  of  varieties  of  bacteria  which  have 
more  or  less  of  the  characteristics  of  the  tul^ercle  bacillus.  Some  of 
them  are  as  diflicult  to  stain  and  as  resistant  to  the  decolorizing  action  of 
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mineml  acuU  an<l  Rlcohol  m  the  tubercle  bacillus  found  in  man.  Many 
of  tht'ni  are  of  ilie  same  p;neral  size  and  shape  as  tiie  tubercle  bacillus, 
and,  strangely  enough,  prothice  in  animals  small  diseased  areas  which 
not  only  macroscopically  but  abo  microscopically  resemble  miliary 
tul»ercles  due  to  the  tubercle  bacillus.  'Hiey  are,  however,  entirely 
different  in  their  culture  cluinicteristics,  jiroijucing  in  twenty-four  to 
forty-eiglit  Imiii-s,  on  iinlinary  eulliirp  media,  moist,  round  colonies  of 
an  eighth  to  a  cinarter  of  an  inch  in  diameter,  and  of  a  more  or  less 
intense  pink  color.  In  animals  they  produce  only  locali7<ed  lesions, 
causing  death  only  when  injected  in  large  numheps.  The  injected 
animals  arc  iniaffected  by  tul>erculin  injections.  'ITie  chief  interest 
wliich  these  bacilli  have  for  us  i^  the  posslliiUty  of  confusing  them  with 
tlie  tuliercle  bacilli.  This  danger  is  alwa\-s  present  in  milk,  for  the  grass 
bacilli  find  so  many  means  of  gaining  entrance  to  it.  In  the  examination 
of  dust,  healtliy  throat  ntid  nose  secretions,  etc.,  tiic  simple  micro- 
scopic extiniinHtion  might  lead  to  error. 

'Iliey  can  Ix?  separated  from  tuliercle  bacilli  by  inoculating  animab 
in  which  no  progressive  lesions  will  develop.  If  there  is  any  doubt  ^ 
about  the  nature  of  the  infection,  inject  \  c.c.  of  tuberculin,  when  if  H 
infected  with  tuberculosis  they  will  die,  but  if  by  grass  bacilli  they  will  ^ 
sliow  noreaetion.  Cnlturrs  from  the  lesions  will  also  show, on  oniinary 
meilta,  pink  colonies  if  grass  bacilli  are  pi^esent,  and  no  grou'th  if  only 
tubercle  liaeilli. 


CHAPTER   XXIII. 

THE  INFLUENZA  AND  Pf^EUDO INFLUENZA  BACILLI-THE   KOCH- 

WKKKS  nACILLUS. 

The  Influenza  BaciUos.— Iiifliit>n/n  us  n  flistim-t  entity  can  be 
tracfNl  back  to  the  Hf»eei^th  century  anel  proltably  existe<l  at  a  much 
earlier  (hitt*. 

At  times  but  few  emlemic  cases  ix-Tiir  ane]  then  a  grent  epidemic 
spreads  over  the  civilized  worlrl.  Tlie  last  jiivat  epifieinic  reached 
Hussia  from  the  Kast  in  the  fall  of  l.SK!(  and  pnnhtally  spread  over 
Eiir(>|)e  and  to  Ainerica,  reachiiif;  the  hitter  country  in  Decemlier  of 
Ihiit  year.  Since  then  we  have  had  more  or  ieaw  of  it,  especially  during 
the  winter  months. 
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Influaott  taellli.        i  Iji  OiBiaeten. 


The  nipi<lity  of  the  spn^ail  of  epideiiiii-s  of  influenza  suggestefl  that 
persona  were  the  carriers  of  the  infection,  while  the  location  of  the 
Ltiisease  pointed  tn  ilie  n-spinitnry  tmct  as  the  Iwation  of  and  to  the 
■expectoration  as  the  chief  source  r>f  infection  by  the  micro-orpanisms. 

After  numerous  iinsiiccc.-^sfiil  attempts.  <!iirin{r  the  epidemic  of  I.SSft 
and  »urcee<ling  years,  todiscnver  the  specific  cause  of  iiiHiienza,  i*feifTer 
(IS92)  succee<jed  in  isolatinp;  and  px>win(!:  ujion  blood  agar  a  bacillus 
whicli  aboinidetl  in  t]ie  piinitent  l)n>nchinl  secretion  of  patientA  sulfer^ 
ing  from  epi<lemic  inllueiiza,  whicli  lie  showed  was  the  pn>bable  ciiuse 
of  tlic  disease.  This  Iwcilius  was  not  found  upon  normal  respiratory 
mucous  membranes. 
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Morphology. — Very  small,  moderately  tliick  bacilli  fO.2  to  0.3,«  in 
thickness  to  O.o  to  l.o/*  in  length),  usually  occiirring  sinply  or  united 
in  pairs,  but  threads  or  chains  of  three,  four,  or  more  elements,  are 
occasionally  founil.     No  capsule  has  Ijeen  denionst rated. 

Staining. — The  bacillus  stahis  with  difficulty  with  the  onlinary  aniline 
colors — Im-sI  with  ililute  Zichl's  solution  (water  0  jmns  to  Zichl's  solution 
1  parti,  or  Loefller's  inethylene-blue  solution,  with  lieat.  When  rairilly 
stained  the  two  ends  of  the  bacilli  are  sometimes  more  deeply  staitied 
than  the  middle  portion.    They  are  not  stained  by  Gram's  metljod. 

Biology. — An  aerobic,  non-motile  bacillus;  does  not  form  spores;  no 
growth  occurs  with  most  cultures  below  26"  C.  or  above  H4°  C,  or  in 
the  enlirp  absencr  of  oxygen. 

GoltivaUon.^ — This  bacillus  is  best  cultivated  at  37°  C,  and  on  the 
surface  of  o^linar^'  nulrietit  culture  media  containing  haemoglobin.  I'lain 
or  gltfceriti  agar,  or  Woorf  scrum  thinly  streaked  with  rabbit  or  human 
blood,  make  the  t>est  media  for  tl»cir  growth.  At  the  end  of  ciglitccn 
hours  in  the  incubator  very  small  cimilar  colonics  arc  developeil, 
which,  under  a  low  magnification  (100  diameters),  appear  as  shining, 
transparent,  homogeneou.s  masses,  ami  even  under  a  No.  7  lens  scarcely 
show  at  all  the  individual  organisms.  Older  colonies  an'  sometimes 
colore<l  yellowish -brown  in  the  centre.  A  characteristic  feature  of  the 
infliienui  bacillus  is  that  the  colonics  tend  to  remain  separate  from  each 
other,  although  when  they  are  tliickly  sown  in  a  film  of  moist  bloo<| 
upon  nutrient  agar  they  may  become  confluent.  Transplantation  of 
the  original  culture  to  ordinary  agar  or  scrum  cnnnot,  as  a  rule,  be 
successfidly  performed,  owing  to  the  want  of  sufficient  haemoglobin; 
but  if  sterile  rabbit,  pigcni,  or  human  blood  be  added  to  these  mclia 
transplantation  may  l>e  indefinitely  performed,  provided  it  is  done 
ever)'  three  or  four  davs.  Cultures  may  remain  alive  up  to  seventeen 
days  ill  the  ice-chest.  By  a  series  of  beaiitifully  carrie*l  out  experimcnLi 
PfeilTer  showed  that  not  only  wen*  the  n-tl  bltMxl  cells  the  necessair 
|»ari  of  the  hlooil  needed  for  the  growth  of  the  influenza  luicillus,  but 
that  it  was  the  ha-moglobin  in  the  cells. 

In  boviUon  in  thin  layers,  to  which  blood  is  added,  a  good  develop- 
ment takes  place  if  there  is  free  access  of  oxygen. 

KraisT.A.NCE  AND  Lenwtu  OF  LiFE.^Thc  influenzB  bacillus  is  veiy 
sensitive  to  desiccation:  a  pure  culture  diluted  with  water  and  drieit 
is  destroyed  with  certainty  in  twenty-four  hours;  in  dried  sputum  the 
vitalit}*,  according  to  the  completeness  of  drying,  is  retained  fn»m 
twelve  to  forty-eight  hours.  It  does  not  grow,  but  soon  <]ies  in  water. 
The  themial  death  point  is  60*  ('.  with  five  minutes'  expnnure  (Pfeiffer 
and  lieck).  In  blooil-lmuillnii  cultures  at  20°  C.  they  retain  tbeir 
vitality  for  from  a  few  days  to  two  or  three  weeks.  In  moist  sputum 
it  is  itifTicull  ti»  determine  the  dumtiiui  of  their  life,  since  the  other 
bacteria  overgrow  and  make  il  iinposfiibk*  to  find  them.  It  is  probable 
that  ifiey  can  remain  alive  for  at  least  two  weeks.  The  bacilli  are  very 
readily  killed  by  chemicals,  di.'iinfcctants,  and  succumb  to  boiling 
within  one  minute  and  to  60°  C.  within  ten  minutes. 
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Dftt«ction  of  the  Infloeua  Bacilliu  in  Sputum.^Tbe  direct  microscopic 
examinstion  of  stained  smears  of  .sputum  may  (jive  considerable  infor- 
mation as  to  the  probable  pre,seiir<>  of  iiiHiienza-like  ImiciIH.  The 
fretjueiil  presence  of  other  in({uen7.a-like  hacilli  in  the  (hroai  seereunris 
.leads  to  so  much  doubt  th»l  it  Is  advisable  from  the  start  to  make  use 
of  plale  cultures,  llie  hi-^t  inttliuui  liciiij;  nutrient  agar  freshly  .smeari-d 
with  n  nim  of  rabbtt'>4  blood. 

Pathogenesis. — The  bacillus  of  influeuza,  ui  so  far  as  expcrinieuts 
show,  produces  a  disease  at  all  similar  to  influenza  only  in  monkeys 
and  to  a  less  extent  in  rabbits.  \V]ien  a  small  quantity  of  culture  on 
bloo<l  agar,  twenty-four  hours  old,  suspendetl  in  1  c.c.  of  bouillon,  was 
injected  intravenously  into  rabbits,  Pfeiffer  found  that  a  chnracteristic 
pathogenic  efTect  was  produced.  The  first  symptoms  were  developed 
m  one  and  a  half  to  two  houre  after  the  injeclifin.  The  animals  Iwcame 
extremely  feeble,  lying  Hat  upon  the  (loor,  with  (heir  limbs  extended, 
and  suffered  from  extreme  dyspnu'a.  The  tem]K'niture  mse  to  41°  C. 
or  above.  At  the  end  of  five  or  six  houre  they  were  able  to  sit  up  on 
their  hauncltes  again,  and  in  twenty-four  hours  had  recovered.  Jjirger 
doses  cause<l  the  death  of  the  animals  inoculated.  These  results  are 
attributed  by  Pfeiffer  to  toxic  products  present  in  the  cultures,  and  in 
none  of  his  experiments  was  he  ever  able  to  obtain  effects  resenil>ling 
septica-mic  infection.  In  some  of  the  exjH'rinients  on  monkeys,  these 
animals,  when  cultures  were  rubbed  into  the  nasal  mucous  membrane, 
showed  a  febrile  condition,  liwiing  for  a  few  davs;  but  in  no  Instance 
ha.s  I'feiffer  observed  a  multiplication  of  the  bacilli  inlroiiuced. 

The  cell  bodies  of  the  bacilli  seem  to  possess  considerable  pyogenic 
action. 

Immunity.— Possibly  an  immunity  for  a  short  period  afrainst  the 
influenza  |K>ison  may  l>e  e^tabll'^hed  after  an  attack.  At  least  in  three 
experiments  made  hy  PfeiU'er  on  nioidceys,  tliese  animals,  after  recover- 
ing from  an  inoculation  with  bacilli,  seemed  to  be  much  less  susceptible 
to  a  second  injection. 

DistritmtioD  o(  Influeiusa  Bacilli  in  the  Body.— In  palienLs  snfTerinf; 
from  influenza  the  bacilli  arc  found  cbiefiy  in  the  nn.sal  ami  broncliial 
si-rretinns-  In  acute  iincomplicaterJ  cases  they  m»y  In-  observed  inicro- 
Rcopically  ui  large  musses,  and  often  in  absolutely  pure  culture;  the 
(CrecD.  purulent  sputum  derived  from  the  bronchial  tulx's  is  especially 
suitable  for  examination.  The  older  the  process  is.  the  fewer  free  bacilli 
will  W  found  and  the  more  frequently  will  tliey  l»e  .'^een  lying  within 
the  pus  cells,  instead  of  lieing  emlieilded  free  in  the  secretion  as  at  first. 
At  the  same  tinte  they  stJiin  le^  readily  aixl  prc-sent  more  irregular 
and  swollen  forms.  Very  frequently  the  influenza  process  invades 
portions  of  the  hing  tissue.  In  severe  cases  a  funn  of  pncimionia  is 
the  result,  which  Is  lobular  and  purulent  in  chanicter,  sirid  accompanied 
iby  symptoms  which  may  be  somewhat  characteristic  for  influcn/ji.  or, 
again,  almost  identical  with  bronchopneumonia  <lue  to  the  pneunii>- 
coccua.  The  walls  tff  the  bronchioles  and  alveolar  septa  become  densely 
in6Urated  with  leukocytes,  and  the  spaces  of  the  bronchial  tubes  and 
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ftlveuli  become  fille<i.  The  in6uenza  bacilli  are  found  crowdeil  in  b 
IwecH  the  ciiitlu-rial  juhI  pus  cells  niuJ  also  |»eiietrBte  ihe  hitler.  Tltpre 
may  be  partiu)  softening;  of  the  tissues,  or  even  aliscess  funnation. 
Bacilli  are  found  in  fatal  cases  to  have  penetrate*!  from  the  brouehtiil 
lulies  not  only  into  the  peribronchicic  tissue,  liul  even  to  the  surface 
of  the  pleura,  ami  rarely  ihcy  have  Ix^n  olitained  in  pure  cultures  in 
Ihe  pleurittr  eKudatton.  The  pleurisy  which  follows  influenxa.  however, 
is  usually  a  senmilary  infection,  ilue  to  (he  streptococcus  or  jiucumo- 
coccus. 

Presence  of  InSueiua  Bacilli  in  Ohronic  InQueoia  and  in  Tuberculosis.^ 
Onliiuirily  iiiflni'Tiza  runs  iiit  jtcuti:'  or  siilmriiH-  coiirse,  ihhI  tint  infre- 
quently it  is  Hcconipaiiic«l  by  luixcd  iiifrctioas  with  the  pneumococcus 
and  the  slreptix-ticcus.  Pfciffcr  was  (be  fin*t  to  dniw  atlenllun  to  certain 
chronic  conditions  depending!  upon  the  inHuenza  bacillus.  Bacilli  ma/ 
l>e  retained  in  the  lun^'  tissue  for  months  at  a  titne.  remaining  latent 
a  wliilf .  and  then  l>econiing  active  ajirain,  with  a  resulting  exa<-ertmlion 
of  tlie  disefl.se.  ("onsuinptives  are  liable  to  carty-  inHuenza  bacilli  for 
years  and  are  partiruhirly  su.s(¥ptible  ti>  attacks  of  inl1tii*n/Ji.  Williams, 
in  the  exainiiialini)  of  sputa  in  eases  of  pulmonary  tuliercidosis.  haa 
ff>und  abiMidatil  influenza  Itacilli  to  lie  present  in  a  lar|»e  pmpnrlion  of 
the  sam]iles  of  spnlnni  fmni  cousunipiives,  and  (lib>  not  only  in  winter 
hut  also  in  the  summer,  when  no  ititiufn/,a  was  known  to  l>e  present 
in  New  York.  Taken  together  witli  results  ebcwhcre,  this  in<tic&trs 
tlial  at  all  limes  of  the  year  nuiny  consumptives  carr\'  alioiit  with 
them  infhicir/a  bacilli,  and  that  very  likely  many  healthy  persons  &a 
well  as  persons  suffering  from  bronchitis  also  harluir  a  few.  (iiven 
proper  climatic  ci>nditions.  we  have  at  all  times  Ihe  seed  to  slnrt  an 
epidemic. 

Tlie  itdlnenza  laicilliis  dca-s  nut  ix^eur,  as  a  rule,  in  the  bloual  and 
probably  does  not  develop  there.  It  Ls  fnutiil  al  times  in  olltbt  media 
accompanyini;  influenza,  an'l  has  tK-eti  found  in  the  menijiges  iti  cases 
of  meningitis.  So  far  as  piwilive  results  have  showii.  influenza  woukl 
seem  to  Iw  almost  always  a  local  infection  couHnetl  chiefly  to  the  air 
pa5sa^s.  The  )^iicnd.  cerebral,  pislric.  and  other  s\Tnptoms  produceil 
are  due  to  the  absorption  of  the  toxic  pniducts  of  the  specific  organism, 
thejie  poisons  Wing  particularly  active  in  their  effects  on  tlie  c^nlra) 
nervous  system. 

TI»c  fliscovery  of  this  bacillus  enables  U5  to  explain  many  ihin^, 
.previously  unac4>ounlabh-,  in  the  niii.se  of  epidemic  inlluen/jt.  We  now 
know,  frrun  ihe  inability  of  the  intluen/a  l)acilbts  to  e\ist  for  long 
la-rirMJs  in  dusi,  thiit  the  disea.se  Is  not  tnmsmi-ssible  to  givnt  <listances 
through  the  air.  We  also  know  that  the  mfective  material  is  con- 
tained only  in  the  calarriial  secretions.  Sporadic  cases,  or  the  sudden 
eruption  of  epidemics  in  any  t<K'nlitie.f  from  which  Ihe  <lLsease  hits  l»een 
absent  for  a  long  lime,  or  where  there  lia.s  l»een  no  new  im|K>rtaiion 
of  infection,  may  possibly  be  explained  by  a.ssuming  that  tlie  ItacilU. 
as  already  mentionc<l,  often  remain  latent  in  the  lungs  or  bronchial 
MCcrelions  of  the  \mh\\  for  many  monlhs,  and  |>erhH{K;  years,  ami  then 
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Ijecnme  active  Hgain,  when  ihuUt  favonil'le  circuiiistaiu'es  they  nijij- 
be  comnuiniciiteil  to  otliers.  The  hncterioldgicul  dinpnosis  of  influ- 
enza is  of  considerable  importance  for  the  identification  of  clinically 
dmibtful  casfs,  which,  from  tlieir  svmptoms,  mny  hr  mistaken  for 
ftrippe.  or  vice  rerm.  Aiiiont;  these  are  bronchitis.  ]>iieiin)onia.  or 
tid)er[TuIosis.  I'p  ti)  tlie  present  time  the  diapmsis  gives  us  little  help 
in  treatment. 

In  acute  uncomplieatetl  cases  the  prohalde  ciinpiosis  can  be  fretpientiy 
mnde  by  microscopic  exaniiiialions  nf  .stairii-<l  jirt-jmnilioiis  of  the 
sputimi,  there  heinjj  present  enormous  ininilHTs  of  small  bucilli,  nl  first 
largely  free  and  later  lurgely  in  the  pus  cclb.  In  chronic  cases  or  those 
of  mixed  infection  few  or  many  bacilli  may  be  found  and  the  culture 
method  may  be  necessan'  to  pix*e  even  a  [vrobablc  <lLaptit>sis.  The  bacil- 
lus of  inHiienza  is  not  readily  separated  by  its  morpholopieal,  staining, 
and  cultural  peculiarities  from  other  hftcleria  belongiiip  to  the  influenza 
group  and  at  present  It  is  almost  impossihle  to  certainly  identify  it. 

Th«  PsandomfluAnta  Bacilltis.— This  baeithis  is  enllttrally  very  similar 
to  the  typical  inHitenza  bacillus,  but  may  be  distinguished  from  it  by 
its  larger  siw  atid  tendency  lo  gn>w  nut  into  long  ihri-ails.  It  is  not 
certain  but  that  it  is  a  form  of  the  influenza  bacillus. 

Whooping-cou^b  Bacillns.^ln  this  disease  hacitli  are  regularly  found 
whicli  Hilfer  but  slightly  from  the  influenza  bacilli.  They  produce. 
whrn  injected  in  animals,  agjrlutinins  which  are  specific  for  them,  but 
not  for  inHnenza  l>acilli.  lioth  bacilli  are  affected  by  the  same  group 
(WoUslein).  The  hliM>il  of  tlnise  suffering  fmm  whooping-cough 
aggliitinntes  the  whooping-cough  bacilli  but  not  the  inHueii/.n  bacilli. 
Further  investigation  is  rec|iiirerl  to  establish  whether  they  are  the 
exciting  factor  cf  the  disease  The  Koch-Weeks  bacillus  is  also  very 
similar  to  (he  influenza  bacillus. 

R«latloD  of  the  Clinical  Symptoms  to  the  Bacterial  Excitant.— There  is  no 
doubt  ihat  other  infections  are  also  include*!  under  the  clinical  forms  of 
influenza,  and  during  an  epidemic  of  bronchopneumonias,  irregular  types 
of  Icrfiar  pneumonias,  and  cnses  of  bronchitis  frequently  have  symptoms 
so  rUwwly  alike  that  the  nature  of  the  bacteria  active  in  the  case  is  ver}* 
frequently  different  fmm  that  snpptistnl  by  the  clinician.  Thus  in  four 
consecutive  autopsies  exiiniined  by  the  writer  the  influen'/.a  bacillus  was 
found  almost  in  pure  culture  in  one  case  lielieved  to  be  due  to  the 
pneumociR'cus,  and  entirely  absent  in  two  of  the  thit'e  U'lieved  to  l>e 
due  to  it.  Except  for  these  examinations  the  clinician  would  lie  of  the 
opinion  that  he  liad  clearly  diagiujsei]  baclcrio!ogicaIly  the  cases, 
while  in  fact  he  had  l)een  wrong  in  three  of  the  four. 

The  striking  symptoms  in  acute  respiratory  diseases  are  frequently 
more  due  to  tlie  location  of  the  lesions  than  to  the  special  variety  of 
organisms  proilucing  them.  In  epiflemics  of  infbienzji  there  are,  of 
course,  many  cases  which,  on  account  of  their  characteristic  sjTnptonis, 
can  be  Fatrly  certainly  attributed  tn  lite  toHuetiKii  bacilli.  Kven  uiider 
these  circumstances  error  may  be  nnide,  as,  for  instance,  two  cases  of 
apparently  typical  influenza  were  reported  in  a  hotisehold  and  both 
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sliowed  a  total  nb^eiici*  <'f  inHiieiiKa  hactlli.     The  piieiiinot-occus 
present  in  HimrisI  jiiiit  culture. 

Examination  of  Sputum  for  Influenza  Bacilli. —1.  Sputum  coughed 
from  tlie  deeper  nir  pussti^s  ami  not  fnitn  ibrtmt  scraping  sliniild  be 

USPil, 

2.  The  sputum  should  be  received  in  a  sterile  liottlc,  which  should 
then  l)c  placwi  immediately  in  cracked  ice. 

3.  Blood-apar  plates  should  be  made  by  dropping  a  drop  of  fresh  rab- 
hit'.s  blood,  obtained  tisepticiilly,  on  the  rvnlre  of  a  hardened  agar  plate. 

4.  <_)rc  of  tlie  more  solid  masses  of  the  sputum  should  l>e  taken  from 
tlie  bottle  with  sterile  fon-eps  ntul  placed  on  a  plain  agar  pliite.  A 
.small  portion  of  this  mass  should  Ik*  separated  with  a  sterile  platinum 
needle  anri  drawn  ihrongh  the  blood  on  the  bloo(i-agar  plate  from  the 
centre  out  tu  difTerent  directions.  The  larger  part  of  what  i**  left  of 
this  small  portion  is  then  placed  in  a  similar  manner  over  u  second 
bliKxl  agar,  and  from  this  to  a  tbini,  sterilizing  the  needle  ItetAveeu  the 
transfers,  'llie  plates  should  he  placed  in  the  thermostat  for  twenty- 
four  hours. 

5.  After  the  plates  are  planted  two  smears  should  be  made,  one 
stttiiied  by  flnun  ami  the  other  by  weak  carbol-fnchsin. 

6.  After  twenty-four  hours  the  pinles  are  examined  under  low  power. 
The  influenza  rolonics  use  ti|i  the  bii-nioglobin,  and  in  parts  of  the 
blooil-agar  plate  where  the  blood  is  of  right  tluckuess  such  colonies 
show  OS  uhiKMl  clear  areas  surrounded  by  the  red  blood.  With  a 
higher  jjower  (N'o.  ti  or  7  objective),  if  such  areas  seem  to  l»e  made  up 
of  fine  inrJeHnite  gnmulalioiis.  they  are  practically  sure  to  l>e  influen/Ji 
colonies.  Mo.si  influenza  colonies  are  more  highly  refractive  tlian 
other  light  colonies,  and  Ihey  .show  thU  characteristic  best  when  they 
grow  on  the  edge  of  a  blood  mass.  Many  inflnenzii  colonies  also  show 
heapings  in  the  eeiilre.  Intbjenxa  colonics  growing  away  from  the 
blood  cells  ore  less  chanicteristic  in  appearance  and  less  easily  differ^ 
entiated  from  <itlu'r  bjicteria. 

7.  Fishings  from  the  influenza-like  colonies  should  be  planted  on 
blood-flgnr  tul»es,  and  if.  after  twenty-four  hours  in  the  thermostat,  the 
resulting  gn>wth  should  consist  of  influenza-like  organisms,  plantings 
should  be  made  on  plidn  agar.  The  flrst  generation  on  plain  agar 
may  show  .slight  growth  l)e<'uuse  of  the  hloml  earned  over  from  the 
original  tul>e,  but  the  second  generation  sliould  show  no  growth  if  the 
organism  is  the  influenza  bacillus. 

S.  The  agghilination  dmnicteristics  of  the  cultures  .should  tie  tested 
in  (he  sennn  fn)ni  a  rabbit  injected  with  a  single  typieal  cidtnrc,  anil  in 
the  serum  from  one  injecteil  with  a  numljer  of  cultures.  Tlie  aggbiti- 
nation  tests  should  l>e  carriei!  out  in  onlcr  to  gain  information.  The 
cultures  teste*!  in  the  Research  r^abnnitory  have  shown  considerable 
variation. 

7or  T»iting  th«  Agglatinttion  ol  Iniluenza  Bacilli  in  ths  Banging  Drop. 
— Grow  t]»e  cultures  on  slanteil  agnr  tubes  (o  which.  a.fter  cooling  to 
40°  C,  4  c.c.  of  defibrinated  blood  has  l»ecn  added.     Wien  twentj'  to 
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tvent^'-Foiir  hours  old  make  a  suspeasion  of  the  bacilli  in  normal  salt 
solution,  controllinp  the  nimber  of  hacilli  by  examining  a  hanpinp;-<lrop 
preparation.  'I'he  inllnen/ji  bHcilH  s*t*iii  u*  ngghiiinate  rather  slowly; 
so  it  Xisually  takes  four  to  five  hours  to  get  »  good  reaction. 

Senun  Therapeutics. — No  protective  .seniin  fiH.<>  been  protluced  which 
has  anv  value  in  treatment. 


The  Koch-Weeks  Bacillus  of  Conjunctivitis. 

This  bacillus  was  Krsl  ol>ser\'efI  by  R.  Koch  in  1883  while  making 
certain  investigations  into  Inflammation  of  the  eye  occurring  ihiring 
an  ejiiileniic  of  chcilcra  in  Alexandria.  It  was  later,  in  18S7,  more 
specifically  descrilteil  by  Weeks  in  New  York,  Weeks  olitaiia'^l  it  in 
pure  culture  in  1890. 

The  infm'live  disease  which  is  cau.sed  by  this  bacillus  seeuiii  tn  1^ 
ven*  widely  di-stributed,  no  land  or  clime  probably  being  exempt  from 
it.  In  thus  conntrv  it  ocenrs  epidemicuilv  and  with  increasing  fre- 
quency during  the  Spring  and  Fal!  mnntlw.  Weelw  has  found  the 
Itaeillus  in  over  1000  eases  in  New  York  Cily. 

Iforpliology. — Tl»-  l»acilli  fn^ii  the  purulent  secretions  are  small  and 
slender,  being  nut  unlike  the  iriHiiciiKB  barilH  but  sonjcvvliat  longer. 
They  vary  in  length  from  0.5  to  1ft  or  even  2/i  occasionally;  the 
lunger  forms  are  apparently  unions  of  thread-like  filaments.  The 
shorter  bacilli  not  infrequently  have  the  appearance  of  dipka.'occi. 
Sometimes  they  exhibit  slight  polar  staining.  Their  width  is  very 
constant.  The  ends  are  rounded.  They  are  rapidly  decolorized  by 
Gram. 

Staining. — They  are  liest  stained  by  very  dilute  solutions  of  carbol- 
fuchsin  or  LoclHcr's  methylene  blue,  but  th)  not  stain  readily. 

In  smear  preparations  the  Koch-Weeks  bacilli  arc,  as  a  rule,  seen 
alone  or  JisscM-iatctl  with  isoUited  cocci  and  bacilli,  csjax-ially  xerosis 
bacilli.  They  are  not  infretjuenlly  ob.'iervc<i  within  the  tx'lls,  and  are 
verj'  rarely  associated  with  gonococci  and  pncumococci,  such  mi-^ed 
infections  being  extremely  uncommon. 

Biological  Characters. — 'Fhe  Koeh-Week.s  biuilhw  grows  only  at  incu- 
batiir  tfnijK'ralnre.  Of  the  unliiniry  cultiiro  nte<lia  none  Imt  moist 
and  slightly  alkaline  pejjtone  agar  ran  Ir'  employerl.  SjK-cial  m<-dia 
are  ref|uired  generally  fur  its  eultivalion.  The  l>est  results  have  lieen 
obtained  with  serum  a^r  or  a  mLvture  of  glycerin  agar  and  ascitic 
fluid,  2  to  1.  Pure  cultures  are  rarely  obtained  at  first;  they  are  usually 
associated  with  <'olonies  of  xerosi.s  baciUi  or  staphylococci,  .\fter 
twenty-four  to  forty-eight  honn<  the  oclr.nies  are  noticeable  as  moist, 
transparent,  shining  dro|xs  or  jaiints.  Microscopically  examinetl  under 
low  magnirying  power  they  appear  like  small  gas  bubbles;  by  closer 
examination  ihey  are  seen  to  lie  round,  lying  loosely  on  the  surface, 
and  are  readily  re-inoved.  Under  higher  maj^iiUcaliou  a  numlier  of 
fine  points  are  ob-^cr^'able.  Tlic  colonies,  which  resemble  those  of 
influenza,  have  a  tendency  to  confluesce,  but  are  not  so  sharply  defined 
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as  the  latter  am)  l)ecoine  mon*  (|uickly  imJitttinKuLshable.  Isnlatprl 
colonies,  ('.s|>eciany  lh(x<e  in  ihe  ncif;hlKjrlK)<>il  of  xtrixsus  harilli  or 
slapliyliM-on-ci.  pniw  InrgiT  hiuI  tlit'ir  iimtcmr  is  sli^Ijlty  wiivy;  llir\  nrr 
iriorc  i)|iH(|ue  itTicI  ^nuuilar  (liiin  Inllin-iiza  i'i)li»ni<-?i.  In  ••iTlilii  or 
btuoil  boiiilldii  a  sli^hl  chmdiiio^ii^i  Ls  pnxluLictl  which  ftnutlj'  seUlca 
down. 

Resistance.— lit  culture  media  the  Imcilli  die  rapidly,  seldom  \Uing 
more  iliuri  five  days.  Development  cea-ses  al  '^f.  They  resist  a 
lenijMTatnre  of  fiO®  for  ten  minutes,  hnt  cannot  withstand  (M)"  for  more 
than  one  or  two  miiiulrs.  Kept  for  one  and  a  half  hours  al  — 7°  tliey 
fttil]  remain  alive.  Kx|xicsurv  Ui  the  svin's  ra\'s  for  one-half  hour  d<*^ 
not  kill  theni,  hut  at  the  end  of  two  and  one-half  hours  they  die.  ITiey 
CHiiiiol  n-si-st  dyiitu  for  iiiiy  leii^))  *if  time. 

TransmiAsioD , — 'Iliis  occurs  only  hy  contact  cither  by  direct  or  imiirt-ct 
conveyance  of  the  inoist  infective  nialeriuL  Infection  is  not  connnunt- 
cated  through  the  air  hy  mean.H  of  dast,  us  the  bacilli  ■'^(Min  die  when 
dried.     It  may,  however,  Ik*  c<»iivt*y4Mi  liv  flies,  etc. 

Pathogenesis. — 'I'he  Koch-WVek.t  liHcilhi.>4  i.s  not  jNtthogcnir  for  ani- 
mals. Man,  on  the  eonlrary.  is  extremelv  susceptible  to  infe<'ti<tit  froiii 
thi."<  bacillus,  which  priMluces  out-  uf  the  most  contagions  di-M-ast^ 
known. 

Immunity  is  not  pnnlu'td  to  any  extent  by  one  attack,  but  Ihrrt- 
dot-:*  .sreni  to  hr  an  individual  .susceptibility  tti  the  di.sea.Hc. 

Dlflerential  DiagnoBii. — The  only  micro-or^anisuis  from  which  the 
Kocli-Week-s  hiuillus  would  seem  to  require  differentiation  are  the 
irifliiett/.H  luicilliis  of  ITcilhT,  the  MH'alleil  innueuza  bacilhrs  of  coii- 
junetiviti-s  of  Midler  aitil  the  pspinloinHui"n/.a  Iwcillus  uf  Zur  N^tldiTi. 
These  latter  bariili.  however,  ^row  well  only  on  iueuiuglohiu  media, 
which  the  Koch-\V(^'k.s  bacilhi.^  does  not  retiiiire.  The  eolonirs  on 
senini  agar  an-  .snialler  than  those  of  the  influenxa  tmcilli  and  the 
edjjes  are  more  granular.  While  the  influenza  hacilluH  is  slightljr 
pathogenic  for  certain  animals,  the  Koch-Mii-k.s  baciflus  has  so  far 
givrn  negative  n'.>uhs  with  all  animals.  Clinically  aL>>o  the  diseasr  ia 
distincllv  differMit. 


CHAPTER   XXIV. 

THE  PRODUCERS  OF  ABSCESSES,  CELLULITIS.  SEITICJiMLA.  E'lX:. 

TES  STAPHTLOOOOOI. 

5?TA»'nyi,ococci  were  firsi  obUiirifri  from  pus  h_v  I*asteiir  !ii  ISSO. 
In  lliSl  OgstiMi  sliourd  llml  they  fieqiieiuly  orctin-nl  )i)  aKscesses,  and 
in  1S.S4  Rtisenbiirli  fully  ileitiini-HtrHlr'd  tltrir  eliolngiriil  ini|K)r(jiticc  in 
circumscribed  tiljsccsses.  osteomyelitis,  etc.  Of  all  tlie  stapliylococcus 
varieties  the  staphylococcus  pyogciR-s  aureus  is  by  far  the  uioat  impoiUaot 
and  will,  therefore,  be  first  described. 

The  Staphylococcus  Pyogenes  Aureus. 

The  staphylococcus  pyofrenes  aureus  is  one  of  the  coiuinoiicst  patho- 
genic bacteria.  Wing  usually  present  iu  the  skin  or  mucuns  membranes, 
and  Is  the  orgaiiUui  most  frequently  couccnicd  in  the  prmiuction  of 
acute,  rjrrumscril>ed,  suppurative  inHammatituis. 

Morphology. — Smsill,  spliericjil  cells,  having  a  diameter  of  0.7«  to0.9«, 
occurring  solitary,  in  pairs  an  rliplococci,  in  short  rows  of  three  or 
four  elements,  or  in  gn)ups  of  four,  but  most  couiiuoiily  in  irrt*gular 
roa.tscs,  sinnilating  clusters  of  grapes;  henec  the  name  .ttaphijlomt'rM. 
(See  Fig.   lOi.) 

Btaioiiig. — It  /ilain.i  (juiekly  in  aqueous  sohuious  of  the  basic  aniline 
colors  and  witli  nmuy  other  dyes.  When  previously  stained  with 
gentian  violet  it  is  not  ilecotorized  by  Gram's  method.  When  sligluly 
st&ine<l  each  sphere  frequently  i.s  seen  to  be  already  dividing  into  two 
semi-splierical  liodie.s. 

Biology. — The  stapliylocntcus  pyi>geMes  aureus  is  an  aerobic,  /flcwi- 
tatiiv  anaemhic  micrococcus,  growing  at  a  temperature  from  8®  to 
43°  C.  bul  I>e.Ht  at  25"*  til  .V)°  r.  TIh"  stHphyUinirf i  gmw  readily  on  all 
the  common  laboratory  nie<lia.  such  as  milk,  IjoLillInu,  nutrient  gelatin, 
or  agar.  A  slightly  alkaline  n'netion  t(»  litmus  is  best  for  the  growth 
of  the  staphylococci,  but  tliey  also  grow  in  slightly  acid  me<lia. 

Oaltiratton.  Gkowtii  in  Nuthiknt  Bouillon.— The  growth  of  the 
staphylococcus  is  rapiii,  reaching  about  5U,000.0()0  per  c.c.  at  the  end 
of  twenty-four  hours  at  '.¥.)°  ('.  The  l>ouillon  Is  cloudy  and  frequently 
hAs  a  thin  pellicle.  Later  a  shiny  .sediment  forms.  The  odor  is  dis- 
agreeable.    In  peptone-water  growth  occurs  with  indol  jiroduction. 

Growth  on  Gelatin. — (m)wn  ou  gelatin  plates  it  develops,  at  room- 
teniperatnn*.  within  forty-eight  hours,  punctifonn colonies,  which,  when 
examined  under  a  low-|H>wer  leu»,  appear  as  circular  disks  of  a  pale- 
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brown  color,  soinewliat  darker  in  the  centre,  and  surrounded  by  a 
?m(M>th  lK>rcler.  'The  colonies  prow  ni[)i<ny.  The  app<'amnce  r»f  the 
growth  is  most  characteriHtic.  Immediately  surrounding  the  colonics, 
which  are  of  a  pale-yellow  eolor,  tliere  is  a  deepening  of  the  surface  of 
the  gelatin,  due  to  its  liqut-faclidii.  By  suitnhle  light  a  nunil)er  of  these 
shallow  d<*pres.sions  with  sliarply  ilefineil  luitliiies  miiy  be  seen  on  the 
gelatin  phite,  having  a  diameter  of  from  Tj  in  10  nun..  In  the  cenlre:^  of 

which  lie  the  yellow  enlonies.  I^ter,  the 
liquefuction  becomes  general,  the  colonies 
nmninp  Together.  In  stab  cultures  in 
gelatin  a  white  ronlluent  growth  at  first 
apiH-ars  along  the  line  of  puncture,  followed 
by  liijuefaelion  of  the  medium,  which 
nipiilly  extends  to  the  sides  of  the  lest- 
mU'.  At  the  end  of  two  days  the  yellow 
^L^   \^    )P   .'  **         piguienlatioii  begins  to  fonii.  and   this   in- 

^  _  ,  .  creases  in  intensity  for  eight  days.    Finally, 

the  gelatin  is  completely  liunefied,  and  tlie 
staphylococci  form  a  golden-yellow  or 
orange-colored  deposit  at  the  bottom  of  the 
tulie.  Under  unfavorable  nrnditioru  the 
staphylococcus  aureus  gradually  loses  its  ability  to  make  pigment  and 
to  lifpiefy  gelatin. 

Growth  ox  Agar. — In  stivak  and  stab  cidtures  on  agar  a  whitish 
growth  is  at  first  produced,  and  this  at  the  end  of  a  few  days  becomes  a 
faint  to  11  rich  golrli-fi-yellow  on  tlie  surface.  The  yellow  pigiiirntaiioo 
b  produced  only  in  the  prestuoe  of  oxygen;  colonies  found  at  the  Imttom 
of  a  stab  culture  or  under  a  layer  of  oil  remain  white. 

Milk. — Milk  inoculated  with  this  microctx.'cus  is  coagulated  at  the 
end  of  from  one  to  eight  daj-s. 

Growth  ox  Potato. — l.'pon  this  substance  the  staphylococci  grow 
readily  and  produce  abundant  pigment. 

Growth  on  I-okffi.f.r's  Solidified  Bix>od  Seritki. — Growth  vigor- 
ous, with  fairly  goorl  pigment  production.  Some  varieties  slowly  lirjuefj 
the  serum. 

Growth  on  Bi.oon  Agah. — If  nutrient  agar  to  which  a  little  animal 
blowl  has  ^jeen  added  is  streaked  with  staphylococci  there  ajipears,  a( 
the  end  of  twenty-four  hours  at  35"  C  about  the  growth  a  clear  zone, 
owing  to  the  hiemolytic  effect  of  the  staphylocotvus  products. 

In  certRin  culture  roetlia,  as  the  result  of  the  growth  of  the  staphylo- 
coccus aureus,  there  is  a  prodjurlion  of  acid  in  considerable  f^uantities, 
tliese  assisting  chiefly  of  lactic,  butyric,  and  valerianic  acids.  'J*hese 
acids  have  been  supjKised  la  play  a  part  in  the  production  of  pus,  in 
which,  accoriling  to  some  observers,  they  are  often  present. 

Resistance. — The  staphvlocotxus  is  distinguished  from  niosi  other 
pathogenic  bacteria  by  its  com|Niratively  greater  power  of  resistance 
to  outside  inlluences,  desiccation,  etc., as  well  as  to  chemical  disinfectants. 
Cultures  of  the  staphylococcus  pyogenes  in  gelatin  or  &gar  retain  their 
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vitality  for  a  year  or  more.  Suspended  in  water  Its  thenna!  ileatli  point 
varies  with  rfifferent  cultures  and  averages  hIkiuE  two  hours  at  50'^  C,  one- 
half  to  one  hour  at  (10°  C,  ten  minutes  at  7(t*^  C  and  Kye  minutes  at 
80**  C.  Upon  silk  thn>ails  and  in  media  rich  in  organic  matter  its 
irsistanee  is  greater,  but  subjected  to  N0°  C.  for  thirty  niitnttes  or  boiling 
for  two  minutes  it  is  almost  surely  killp<l.  Cold  has  liul  litUe  eiVect. 
Thirty  |)pr  wnt.  of  tlie  organisnts  ri-uuiiiu-tl  hIivt  after  l^nig  subjected 
by  us  to  freezing  in  lifjuid  air  for  tliirty  niiiuiles. 

They  are  quite  resistant  to  direct  sunlight  and  to  drying.  Dried  pus 
contaiiut  living  staphylnrocci  for  weeks  and  even  months,  and  they  can 
be  found  alive  in  the  fine  dust  of  the  air  in  living  and  in  operating  rooms. 

Effect  of  C'iif-MKai-s. — In  watrr  they  remain  alive  for  several  wetrks. 
To  most  disinfetiants  the  stapbylocncci  ivxv  rather  resistant.  The 
presence  with  staphylococci  of  oi^nic  substances,  especially  albumin, 
increases  their  resistance.  In  watery  solution  tlissolveil  nierturic 
chloriile,  1:11X)0.  destroys  the  orpinisnis  in  five  to  fifleen  minuter 
but  when  in  pus  not  for  several  hours. 

Hydrogen  peroxide  in  1  per  cent,  solution  kills  in  about  one-half  liour. 
Methyl  alcohol  in  50  per  cent,  solution  kills  staphylococci  on  silk  threads 
in  ten  minutes.  The  same  effect  is  obtained  l»y  carbolic  acid  in  ^  per 
cent,  solution  or  lysol  in  I  |)ercent.  solution.  Fonnaklehyde  in  watery 
solution  acts  ontv  in  concentrations  of  5  per  cent,  or  over. 

Pathogenesis. — The  palling»'nie  effect  of  the  stajihylococeus  pyogenes 
aureu.'«  on  test  animals  varies  considerably,  according  to  the  niode  of 
application  arid  Ihe  vinilcnce  of  the  special  culture  employed.  In  tlie 
ex]K'rimenIs  so  fitr  made  Ehis  micrococcus,  us  found  in  suppurative 
processes  in  the  human  subject,  has  not  proved  to  l>e  as  infectious  for 
animals  as  it  is  for  man.  In  man  a  simple  rubbing  of  tlie  surface  of  the 
unbroken  skin  with  pus  from  an  acute  alwcess  is,  as  a  rule,  sufficient 
to  produce  pundent  infinmmafion.  and  the  introduction  of  a  few  germs 
from  a  septic  case  into  a  wound  nmy  lead  to  a  fatal  pyiemia.  These 
eondition.s  can  only  be  reproduced  in  lower  animals  with  difficulty,  and 
by  the  inoculation  of  large  i|niuititii'.s  of  tlie  culture.  Snlx^utaneous 
injections,  or  tlie  inoculntion  of  open  wvninds  in  tnice,  guinea-pigs,  and 
rabbits,  are  commonly  without  result;  nccasionally  absces.'s  formation 
may  follow  at  the  point  of  inot-ulation.  which  usiiallv  ends  in  recovery. 
The  pus-prwlucing  property  of  the  organism  is  exliihited  in  proportion 
to  the  virulence  of  the  culture  employee!.  Slightly  virulent  cultures, 
wliich  constitute  the  majority  of  those  obtained  from  pus  taken  from 
the  human  subject,  when  injectetl  subcutaneously  in  large  quantities 
(several  c.c.  of  a  frc.sh  liouilinn  culture)  in  rabbits  or  gi tinea-pigs,  give 
rwe  to  local  palholngjcal  lesions- -acute  nlwcesses.  When  Wndent 
cultures  are  used— which  are  rarely  obtiitniible^D..5  c.c.  of  a  fresh 
bouillon  culture  Is  sufficient  to  pnHlucc  similar  results.  Tlie  alwcesses 
geneiyllv  heal  without  treiitment;  sometimes  Hie  animals  die  from 
marusnui.s  in  conse<iuence  of  (he  suppnralive  process.  In  intra|»pritoneal 
inoculations  the  degree  of  virulence  of  the  culture  employed  Is  still 
more  conspicuous  in  the  effects  produced.    The  aniraab  usually  die  in 
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from  two  to  nine  <)ays.  The  most  characlerislic  pathological  lesionsi  are 
foiiiKi  in  the  kidneys.  wlii<-h  contiiin  niimen)ii!*  siniill  t-oIUflions  of  pus, 
an<!  iiiKirr  the  niicrf).sc<)|>e  prpseni  theappparaiices  rcsiiltiiip  from  embolic 
nephritis.  Punctiforni,  wliitish-ye'llow  masses  of  the  size  of  a  pea  are 
fnunc]  perme«tiiip  the  pymtnids,  Mtiiiv  of  the  eapilhiries  aiul  some  of 
the  Slim  Her  iirttriesof  the  cortex  lire  phigfied  up  with  t!ir[)tiil>i.  i-onHiitilig 
of  niirnx'dfi'i.  MedisTiitir  ii1is«tsm-.s  niav  also  l»e  observe*!  in  the  ji>iiit« 
iiiifl  iiiusi'les.  The  inicmt-cwi-i  niiiy  \>e  reeovered  in  pure  ctilturef*  from 
the  blood  and  the  various  organs;  but  tliey  are  not  numerous  in  tlie 
hlomi  and  are  often  difficult  to  (Eeinonslrate  microscopically.  Intni- 
venoii.s  in<)culatiniis  of  anitnals  are  ftillowerl  by  similar  piitholopcal 
changes.  Orlh  and  Wyssokowii.si-h  first  pointeti  out  that  injection  of 
.stHphyloccirci  into  (Ik*  (-ireiilHlion  of  nibbit.s  wliciHe  cardiac-  vnlves  tia^'e 
previou-sly  Ijeen  injured  protlucetl  ulcerative  endocanlitis.  Subsequently, 
\Veich.selbnum,  I'riidden.iind  Knu-Tikcl  iind  Siinger  obtftinedconfinnalorv 
resnltt,  thus  establisin'nj;  the  fwct  tliiit  when  tlic  valves  are  first  injun^l, 
mechanically  or  chemically,  the  injection  into  a  vein  of  a  pure  culture  of 
staphylococcus  aureus  gives  rise  to  a  genuine  ulceniiive  endncanlitix.  It 
has  been  further  shown  by  llibbert  that  the  same  result  may  be  obUiined 
without  previous  injurv  in  the  valve.s  by  injecting  into  u  vein  the  stftpliylo- 
cocru.s  from  a  potato  culture  suspended  in  water.  In  his  exj)erimenls 
not  only  liii*  micnicocci  fntni  the  surface  hut  the  .sujKTficijil  layer  of  the 
potato  were  scraped  olT  with  a  sterilized  knife  and  niixe«l  with  dl-ttilled 
water,  and  the  successful  result  is  ascribetl  to  the  fad  that  tlie  little 
agglomerations  of  uiicrococei  inid  infected  fragments  of  (mtnln  attach 
theni-selves  lo  the  nmrgins  of  tin-  valves  imire  n-adily  than  isolatetl  c<icei 
would  do.  Not  infrerjuently,  also,  in  intravenous  inoculations  of  young 
atiimuls  there  oceuni  a  ktcalization  uf  the  injected  material  in  the  niairow 
of  the  small  bones.  This  may  lake  place  in  full-grown  animals  when 
the  bones  have  l»een  injured  or  fracturetl.  The  exiH-riniental  osteo- 
myelitis thus  produced  has  )>een  demonstrated  to  be  anatomically  analo- 
gous to  this  flisease  in  man.  With  repjard  tn  the  le-sinns  found  in  tlte 
kidneys  after  intraperitoneal  nr  intrnvenou.s  inoculation  of  cultures  of 
the  slaphyl(K*oc'cus,  it  has  U-en  found  that  when  injectwl  in  considerable 
rpiuntities  the  orpanLsm  may  l)e  obtaineil  in  cultures  from  the  urine, 
but  not  sofiner  than  six  or  eight  hours  after  the  injection,  and  not  until 
the  forrjiation  of  purulent  foci  in  the  ki<lneys  lias  already  otvurreil. 

'J'oxic  St'HSTA.srKs. —  Filtrates  of  cultures  contain  very  toxic  sub- 
stamvs.  Injected  into  the  ]>eri[oneal  cavity  they  exdte  peritonitb. 
Under  the  skin  they  proi^uce  infiltration  or  al>s:es5.  In  the  htood 
thev  injure  both  the  re<l  and  white  corjiuscles. 

I  ultures  of  the  staphylococcus,  when  sterilized    Uy  boiling  and    in- 

('ectwl  sulM-utaneously,  produce  marked  positive  chemotaxis  and  often 
i>c»l  abscesses.  T^elN^r  found  also  that  slerili/ed  cultures  introiluced 
into  the  anterior  chnml)er  of  the  rabbit's  eye  wnuM  bring  about  a  fdin*- 
purulent  inflammatiun,  the  coniea  l:iecoming  iuHltmted,  and  perfomtion 
alongside  of  the  sclerotic  ring  finally  lakinj^  place.  This  was  follu«-ed 
by  the  formation  of  pus  in  the  anterior  ehaml>er  an*!  recovery.     The«* 
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local  changes  follow  the  inoculation  of  small  cjunntities  only  of  (he 
tieni]  L'uhures:  but  wlit-ri  hirpv  airmuiits  sire  injected  into  a  vein  ur 
into  the  alMlominjil  cavity,  toxic  cft'ects  are  profiuced.  Dops  and 
^linea-pi^  thus  treated  usually  flie.  showing  symptoms  of  poisoning. 
'I*he  harnoUtic  effect  of  certain  products  of  vinilettt  stnpliylocoM-i  have 
rec'eiitly  l»eeii  studied.  In  culturfs  ihey  c«ri  t^*  detected  hIiouI  ihe  third 
or  fourth  day  and  reacli  lltt-ir  rnHxiiiiiiiii  on  the  uintli  to  finirtcenth 
day.  Vinilent  staphyl(»c<>cci  jnr  rintre  iipt  tit  prfMluee  this  sufistance 
than  the  non-virulent,  hut  there  is  no  definite  rule. 

A  poison  which  injures  leukocytes  ts  also  proiluccd.  This  is  destroywl 
at  about  .57*  C. 

Other  poisons  of  less  definite  properties  lire  alsf)  found  in  the  filinili'. 

Immtmliation. — Immunity  iigain.st  staphylococcus  infection  raay  1* 
produced  in  different  animal  sj)ecie8  by  the  injection  of  increasing 
doses  of  the  pure  culture,  eitlier  hvin;:  or  previously  sterilized  by  lieatiiig. 
^^  rt^hl  cliiinis  1ii  have  injected  de;id  cidlure^^  uitli  ^ihhI  icsult-^  iti  pcrsotis 
sulFerinp  fnan  staphylococcus  skhi  infections. 

The  blood  senuii  of  aniuials  which  liave  been  iituiuiiiized  hy  nieaiis 
of  living  or  dead  cultures  pt>ssesses  sliglit  inniuinizin^  and  cumtive 
effects  in  other  anitiials,  but  no  practical  use  of  the  scrum  has  been 
attenipltfi  in  man. 

Ocenirence  in  Han. — Practically  all  micrn-organi-snxs  have  l)eet»  shown 
by  exjierimeiit  to  protluce,  under  certain  conditions,  the  fonnation  of 
pus  by  Iheir  pi-oiUicts  when  intKruUited  into  tlie  atiiuuil  body;  but,  while 
this  has  l»eeu  detnonstniled.  the  reseiirches  of  iKicleriiilogisIs  show 
that  only  a  fev\  s|M-<'ies  «re  irsually  coii(Tri»"d  in  the  ])n«liii'ti4)n  of  acute 
abscesses  in  mini.  ()(  llicse  the  two  most  important,  by  reason  of 
(heir  frequent  (K.furrcnce  and  pathogenic  power,  are  stupliylutvx-cus 
pyog*uies  iind  stre])toct)ceus  pyotjenes.  These  two  orgiinisnis  are  often 
foun<l  in  tlie  .same  alwcess;  thus,  I'asset.  in  •i'^  cases  of  acute  alscess. 
found  staphylococcus  aureus  and  albus  as.sociated  in  II,  albus  alone 
in  4.  albus  ami  cilreu.s  in  '2,  streptix*iM'cus  pyogene.*;  alone  in  S,  albus 
and  streptococcus  in  1,  and  alhus,  <-itreus,  and  streptoccK'CUS  in  1.  The 
staphylococci LS  is  liable  to  enter  as  a  mixed  infection  into  most  infec- 
lions  due  ((ntllier  bnctcn«.  mid  is  sdniost  aluHys  met  with  in  all  iiiflani- 
mations  of  the  skin  and  iniicoii.s  mendiraiics  or  in  cavities  connected 
with  thcMi.  Care  must  always  Ix-  taken  that  the  simple  finding  4if 
staphylococci  does  not  cau.se  one  to  overh>nk  other  organisms,  which 
perhaps  were  tlie  original  exciters  of  the  diseased  pNK^-ss. 

As  the  result  of  extended  researches  the  golden  staphylococcus  has 
been  demonstrale<i  not  only  iu  funnides  and  earbiiticles.  bdt  also  in 
various  pustular  att'ecfions  of  the  skin  and  mucous  membranes — 
impeligt>.  sycix*!U(,  phlyctenular  conjunctivitis;  in  ])urulenl  conjunctivitis 
and  inflaiinnation  of  the  lucrymal  sac;  in  acute  absces.ses  formed  in  the 
lymphatic  glands,  (lie  jiaititid  ghind,  the  tonsils,  llic  iimnmiie,  etc.;  in 
metastatic  abscesses  and  punilenl  cnjlcc-lions  In  the  joints;  in  empyemH. 
infectious  osteomyelitis,  ulcenitive  endocarditis,  pyelonephritis,  abscess 
of  Ihe  liver,  phtehitisy  etc.     It  is  one  of   the  chief  etiological  factors 
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in  the  ptxxluction  of  pyecmia  in  the  various  patholof^cal  foniu  of 
that  conflition  of  disease.  It  is  remarkable  how  many  staphvUK-orci 
may  be  p;esent  in  the  blood  without  a  fatal  result,  if  the  ori<;nml  source 
of  infection  Ls  removeil.  We  met  with  one  case  in  which  over  800 
staphylr cocci  were  present  in  1  cc.  of  blood.  A  week  later  only  five 
were  found.     The  patient  fiimlly  ilietl  from  pneumonia. 

Not  all  persuns  are  equally  suswptible  to  infection  bv  the  stapliy- 
lococcu.'i;  thase  who  are  in  a  cachectic  condition  or  sutfermg  from  con- 
stitutional diseases,  like  diabetes,  are  especially  predisposed  to  infec- 
tion. In  healthy  indiviiliinU  certain  parts  of  the  body,  as  the  back  of 
the  neck  ;inil  the  buttocks,  arc  ninre  liable  to  tte  attacked  than  others, 
with  the  pniihictinn  of  fimiiVle.s,  carbunrles,  etc.  In  persons  in  whom 
sores  are  reiidily  caused,  in  conscijuence  of  disturbances  of  nutrition, 
as  in  exhausting  dlsea.scs,  the  micrococci  settle  at  tlie  points  of  least 
[esistance.  Such  conditions  are  present  in  the  Ixiues  of  debilitated 
young  children,  in  fractures,  and  injuries  in  general. 

Tlie  pyogenic  ]>ro|XTties  of  the  staphylococcus  have  Iwen  demon- 
strated upon  man  by  numerous  cvperiments.  Garn5  inoculated  a  small 
wound  at  the  c<)ge  of  one  of  his  finger-nails  with  a  minute  quantity  of 
a  pure  culture,  and  purulent  inflammation,  extending  around  the  mar- 
gin of  the  nail,  resulted  from  tlte  inoculation.  Staphylococcus  aureus 
was  reeovened  in  cultures  from  the  pus  thus  fonued.  Tlie  same  observer 
applied  a  considerable  quantity  of  a  pure  culture  nbtainc*!  from  this 
pus — third  generation— to  the  unbroken  skin  of  his  foreann,  nibbing 
It  well  into  the  skin.  .At  the  end  of  four  days  a  largi*  carbuncle,  sur- 
rounded by  i.so)ated  furuncles.  <levcloped  at  tlte  point  where  tlie  culture 
had  Ixren  apfibed.  This  ran  tlie  usual  C4iursc,  anrl  it  was  several  weeks 
in  healing.  No  less  than  seventeen  scars  remained  to  testify  to  the 
success  of  the  experiment.  ' 

Stapbylococcos  Pyogenes  Albtu. 

It  is  morphologically  identical  with  the  staph ylocQccu.s  pyogenes 
aureus,  and  is  probably  the  same  organism  which  has  lost  the  property 
of  pnxiucing  pigment.  On  the  avenige  it  is  somewhat  less  pathogenic 
anrl  seldom  pmduces  pya'mia  or  gnive  Infections.  The  snrfjtce  cul- 
tures u]H)n  nutrient  agar  and  potato  have  a  milk-while  color.  Its 
biological  characters  are  not  to  be  distinguished  frntn  the  slaphylo- 
c«>c<nis  aureus. 

The  majority  of  lMicteriolc)gi,sis  agree  with  Htisenbacli.  that  tlic 
aureus  is  found  at  least  twice  as  frequently  in  human  pathological 
prot^Kse-S  as  the  albiu. 


Staphylococcus  Epidermidis  Albus  (Welch). 

Probably  identical  with  the  staphylococcus  pyc^nes  albus.  With 
referent*  to  this  micrococcus,  Welch  says:  "So  far  as  our  observations 
extend — and  already  they  amount  to  a  large  number — thb  coccus  may 
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be  regarded  as  nearly,  if  not  quite,  a  constant  inhabitant  of  the  epider- 
mis. It  is  now  clear  why  I  have  proposod  to  call  it  the  staphylococcua 
epldemiidls  albus.  It  possesses  such  feeble  pyogenic  capacity,  as  is 
shown  by  its  behavior  in  wounds,  as  well  as  by  exjicniitents  on  rabbits^ 
that  the  designation  staphylococciis  pyogenes  albus  does  not  seem 
appropriate.  Still,  1  am  tiot  inclineii  to  insist  too  much  upon  this 
point,  as  very  probably  this  coccus — which  has  hitherto  been  unques- 
tiotuibly  identified  by  others  with  the  owh'nary  staphylococcus  pyogenes 
albus  of  RcMenbach — is  an  attenuated  or  modified  form  of  the  latter 
organism,  although,  as  alrendy  mentioned,  it  presents  some  points  of 
dilTerence  from  the  classicid  description  of  the  white  pyogenic  coccus/' 
Aiforrlitig  to  Welch,  this  coccns  iliffers  from  the  .slaphvlococcns 
olbus  in  the  fact  that  it  liquefies  gelatin  mure  slowly,  does  not  so  quickly 
cause  coagulation  in  milk,  uikI  is  far  less  virulent  wlieii  injected  into 
the  circulation  of  mbbits.  It  has  been  shown  by  the  experiments  of 
Bossowski  nnd  of  Welch  that  this  inicni-organism  is  ver.'  frequently 

Siresenl  in  aseptic  wounds,  uiid  tliat  usually  it  docs  not  materially  Inter- 
ere  with  the  healing  of  wounds,  although  sometimes  it  appears  to 
cause  suppuration  along  the  drainage  tulie,  ami  it  is  the  common  cause 
of  "stitch  aljsceas." 

Staphylococcus  Pyogenes  Oitreus  and  other  Staphylococci. 

Isolated  by  Pas.set  (1885)  from  the  pus  of  acute  abscesses,  ui  which 
it  is  occasionally  found  in  association  with  other  pyogenic  cocci.  It 
is  duttinguishe<l  from  the  other  species  only  by  the  formation  of  a  lemon- 
yellow  pigment. 

Many  other  varietip.s  of  staphylococci  have  been  occasionally  met 
Willi  which  differ  in  some  respects  from  the  typical  varieties.  Tliis  ililTei^ 
ence  may  lie  in  the  fact  that  tliey  htpiefy  gelatin  more  slowly  or  not  at  all, 
or  in  pigment  fonnation,  or  in  agglutination,  or  in  still  other  respects. 
None  of  these  varieties  are  of  great  importance. 

The  Micrococcus  Tetragenus. 

This  organism  was  discovered  hy  GatTky  flSKl).  It  is  not  infre- 
quently present  in  the  saliva  of  hcidthy  intlivi(hlal.^  and  in  the  sputum 
of  consumptive  jiatients.  In  sputtnn  it  i.s  sometimes  an  evidence  of 
mouth  (■ontamination  rather  tbaii  huig  infet-tion,  It  lias  repeatedly 
l)een  observol  in  tlie  walls  uf  ravilies  in  ptihiicmark'  tiilKTcuhisLs  a.sso- 
ciated  with  other  pathogenic  bacleriii.  which,  though  playing  no  part 
in  the  etiologj-  of  the  origiiml  di;*eosc,  contribute,  doubtless,  to  tlie 
progressive  destruction  of  the  lung.  Its  pyogenic  character  is  shown 
by  il3  occasional  occurrence  in  the  pus  of  acute  aliscesses.  its  presence 
has  also  l)een  noted  in  the  pus  of  empyema  folloxving  pneumonia. 

Morphology. — Microcix'ci  having  a  diiirneter  of  about  l/i,  which 
divide  in  two  directions,  forming  tetrads,  and  bound  logelher  by  a  trans- 
parent, gelatinous  substance,  enclosing  the  cell  like  a  capsule.  In 
cultures  the  cocci  are  seen  in  various  stages  of  division  as  lai|^,  round, 
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iiiu]ivi[lp(l  o«ILs.  in  pairs  nf  ovnl  elcnieiit*:,  and  iii  groiijis  tt(  tlnvt-  an<l 
four  (Fig.  102).  When  tl»e  ili^isioti  is  ffiinplfle  tlwy  remiixl  one  of 
sarciiiH!!  in  appi'unince,  except  thnt  tliey  »!o  not  divitie  in  three  direc- 
tions :in«I  HTv  not  liinlt  up  like  (Jiminulivf  cntlon  Ixiles. 

Staining. — Tliis  uiicrococeua  siaiiut  readily  with  the  onlinary-  aniline 
«lyes;  the  transparent  f^latinous  etivelopr  is  only  feebly  stained.  It  is 
not  (Irf'olorized  l)y  (Jnim's  metlicxi. 

Biology. — The  jjmwth  of  thi.s  inicrotroccus  is  slow  iiixler  all  condi- 
tions. It  ptjws  both  in  the  pre.sence  and  ahsentv  of  oxygen;  it  gmws 
best  from  85®  to  ^S°  {'.,  bnl  may  be  ciiltivittinl  also  at  the  onlinarv 
nioin-lernp'ntHire— about  20**  C. 

Orowth  on  Q«l&lin. — On  p-lHtin  plntes  small,  white  colonies  are 
dcvelnpod  in  fnmi  twenty-four  to  forty-ei|jht  liours,  which,  when  exam- 
ined under  a  low-power  lens,  are  seen  to  be  spherical  or  Icmon-shaped, 
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grayish-yeUow  disks,  wilh  u  (inely  granular  or  inullierry-like  .stirface, 
and  a  uniform  but  somewhut  miiKlily  dentateil  bonier.  When  the  deep 
colonies  push  fnnvard  to  the  siirfncr  of  the  ^>la(in  tbcy  form  white, 
elevated,  dmp-like  ui<tA.ses.  having  a  diameter  of  1  to  2  nun.  In  frclatin 
slick  cultures  the  colonie.-i  may  be  cither  isolates!  or  confliieni,  in  the 
(:u.se  forminpc  a  thick,  while,  slimy  nui&a,  fillinjp:  nut  the  fi.s.<iures  and 
hollow  space-s  all  iilonp  the  line  of  puntiure;  on  the  surfat-c  a  broful. 
thick  layer  of  I  to  5  mm.  in  extent  is  apparent.  The  gelatin  is  not 
liqiicHcd. 

Growth  on  Agar  and  Blood  Serum. ~^The  colonies  up{>ear  as  small, 
trunsparenl.  round  points,  which  have  a  grayish-yellow  color  and  are 
sliphlly  eleval«l  alwve  the  surface  of  the  medium. 

Patbogonesia. — .Subcutaneous  injectioiis  of  a  culture  of  thw  micro- 
rorcus  in  minute  (luanttty  is  usuallv  fatal  to  white  mice.  The  mlcnv 
Cffcei  are  found  in  cnnipamtively  small  numlters  in  the  blood  of  tlie 
vessels  and  heart,  but  aw  more  numerous  in  the  spleen,  lungs,  liver. 
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and  kirlneya.  Intraperitoneal  injections  given  to  guinea-pips  ami  mice 
are  follower!  hy  pnnilent  perilonilis.  l»eaiitifiil!y  forniwl  ciicci  in  f^roups 
of  four  beiiig  (ibtaineil  Ui  imnieiLse  tiiiiulH'i's  fn>m  tlie  exudate.  Uul)ljits 
ami  il(^  Bre  not  afTeetetl  by  larj^  (Ii>se,s  of  a  culture  sulK'utaneuiisly  or 
intravenously  adtninistere*!. 

The  seniin  from  inununizetl  cases  has  not  been  used  therapeutically 
in  human  infection. 

THE  STREPTOCOCCI. 

I'nfJer  this  name  must  lie  included  not  only  the  streptococci  which 
excite  iiifliininiiiliun  in  man,  Imt  all  splm-rical  bacteria  wliich  divide,  as 
a  rule,  in  one  plane  only  and  hold  cocc-i  together  in  greater  or  lesser 
chains.  This  name  eoiiijiriscs  by  no  means  so  nmuy  varieties  of  bac- 
teria as  are  grouiK-d  uiuler  the  title  bacilli.  There  are,  nevertheless,  a 
considerable  niinibcr  of  distinct  groups  of  streptococci  which  differ 
<ie(:ideilly  both  in  their  eulttirul  clmracterislics  an<l  their  pathogenic 
properties.  The  streptococci  average  about  1/'  in  diameter.  None 
of  them  form  spores  or  are  motile.  They  are  rather  easily  killed  by 
disinfectants,  'j'hiifie  that  an^-  p»tb(jgenif  develop  wholly  or  almost 
So  in  or  on  the  bodies  of  man  and  animals. 

Stzeptococctts  Pyogeoe*.— 'Hie  gnmp  of  streptiH'iK-<-i  which  in  its 
inijKtnance  as  related  ti>  hmnan  inrections  outweighs  all  other  stiepto- 
eocci,  is  that  which  comprises  the  streptococci  which  excite  erysipelas, 
many  eases  of  cellulitis,  al.scess,  septiciemia,  pneumonia,  etc..  and 
passes  un<ler  the  name  of  ■sfrvphrorvu.''  piprjvtfrs. 

This  organism  was  first  discovered  by  Koch  in  stained  sections 
of  ti.<»ue,  attacked  by  septic  processes,  and  by  Ogstoii  in  the  pus  of 
acute  ab-scesses  (ISS2).  It  wu.s  obiatnet]  by  Fehleisen  (ISS3)  in  pure 
cultures  from  a  case  of  erv.si|ielMs,  Us  cullnnil  aud  pathological  charac- 
ters studied  and  denionstnited  by  him  to  be  capable  of  producing 
erysipelas  in  man.  Ro«enl«ieli  (1.SS4)  and  Kntiise  and  Pawet  (18S5) 
isolated  the  streptocixrus  from  the  pus  ()f  acute  abscesses  and  gave  it 
the  name  of  .streptococcus  pyogenes.  It  has  since  been  proved  to  be 
one  of  the  chief  etiological  factors  in  the  pro<luetioii  nf  many  suppu- 
rative inflanmiations.  Formerly  the  streptococci  of  erysipelas,  acute 
alisces-ses,  .seplica'mia.  pueqjeral  fever,  etc.,  were  thought  to  belong 
to  flitTerent  species,  Ijecau.-^e  lliey  were  observol  (o  jKisse-ts  apjmrent 
dillerences  in  their  biological  and  palhotogical  churaeleristics,  acconl- 
ing  to  (he  .source  from  wliicii  they  wevc  nbtained.  Thus  «me  .sjH'eies  of 
strept(»coctnis  was  believed  to  be  capable  i>f  caiLsing  erysipelas  only, 
another  only  acute  abscesses,  another  sepsis,  etc.,  bul  it  is  now  known 
that  the  slight  iliircrences  between  the  majority  of  these  stn-pHx-occi 
are  but  ac<piired  variations  of  oi-gani'^nis  derived  fmni  the  same  s[>ecies 
which  III"'  h"!  pcrnuincnt. 

Morphology.— The  cocci,  when  fully  developenl  are  spherical  or  oval. 
'ITiey  have  no  flagetia  or  s]>ores.  They  vary  from  0.4/i  to  1/i  in  diameter. 
Thev  var\'  in  dimensions   in  differeiit  cultures   and  even    in  dilferent 
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parts  of  a  sin^^Ie  colony.  They  multiply  by  binary  division  in  one 
direction  only,  fomiing  rhaiits  of  eight,  ten,  twenty,  ami  more  ele- 
ments, lieiiig.  huvn;ver,  often  Bssonnted  distinctly  in  pitirs.  On  solid 
media  the  cocti  occur  frL>C|iiently  as  diplococti,  but  usually  llicy 
grow  in  longer  nr  shurter  chains.  Certain  eoeci  fi\-<jneutly  excredj 
tbeir  fellows  greatly  In  size,  especially  in  old  cultures,  wlien  this  maj 
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be  considered  to  be  the  result  of  involution  forms.     Some  vtirietiesl 
have  distinct  capsules  when  growing  in  tlie  hlnixl  and  in  blofHl-senim 
media  (Hiss). 
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Staining. — They  Atoin  readily  by  aniline  colors  and  the  pyogenic 
varieties  positively  by  Gram's  method.  Some  varieties,  mostly  sapro- 
pliytic,  gttnviiig  in  short  fltaiiis  are  negatlvi*  tu  Griim's  stain. 

Biology.— StrfpUx-uci-i  grow  readily  in  various  Uijuid  and  solid  cul- 
ture media.  The  most  favorable  tetnperature  for  their  development 
is  from  30°  to  37"  t '.,  but  tliey  multiply  rather  freely  at  ordinftry  room- 
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in]»eratiire — 18**  to  20°  C.    They  are  facultative  iiiiaerobe.s,  growing 
botli  iu  the  presence  and  absence  of  o.\yjren. 

Cultivation.  Growth  on  Gklati.n.— Tubes  of  jiclotin  which  !mve 
been  inoculated  with  streptococci  by  puncture  witli  the  plulinuni  needle 
show-  on  the  surface  no  pYJwth  beyond  the  point  of  entrance,  in  the 
depth  of  the  gelatin  on  the  second  or  third  day  a  distinct,  tiny  band 
appears,  with  granular  edges  or  made  up  of  granules.  These  granules 
may  be  verj*  fine  or  fairly  coarse.  They  are  nearly  translucent,  with  a 
whitish,  yellowish,  or  brownish  tinge.  With  characteristic  cultuif^  the 
gelatin  is  net  Uquefril,  though  occasionally,  with  snjiropliylic  varieties, 
a  certain  amount  of  liquefaction  has  been  ol>ser\ed  to  take  place. 

Growth  on  Agar. — On  agar  plates  the  colonies  are  visible  after 
twelve  to  thirty  Iiours'  growth  at  37®  C,  and  present  a  beautiful  appear- 
ance when  magnified  suflicicntly  to  sec  the  individual  cocci  in  the 
chain.  The  colonies  are  small,  not  averaging  over  0.5  mm.  in  diameter 
fpin-head).  From  different  sources  they  vary  in  size,  thickness,  mottling, 
color,  and  in  the  appearance  of  tlieir  borders.  The  streptococcus 
growing  in  short  chains  in  Itouillnn  shows  but  little  tendency  to  fonn 
true  loops,  but  rather  projecting  rows  at  the  edges  of  the  colonies,  while 
those  growing  in  long  chains  show  beautifid  loops,  which  are  eliai-acter- 
istic  of  tlxis  organism.  The  colonies  are  nearly  circular  in  shape  when 
thinly  scatteiVd  over  the  plates,  but  irregular  in  form  wlien  crowiled 
togettier. 

Growth  in  Uouillon. — Most  streptococci  grow  well  in  slightly  alka- 
line bouillon  at  37°  C,  reaching  thcjr  full  development  within  thirty-.six 
to  forty-eight  hours.  Those  wliioh  gmw  in  long  chains  u.sually  give 
an  abundant  floeculent  deposit  and  leave  the  liquid  clear.  The  deposit 
may  )>e  in  grain.s,  iu  tiny  flotrculi,  in  larger  flakes,  or  in  tough,  ulinnst 
membranous  masses,  the  differences  depending  on  tlie  strength  of  union 
l>ctween  tlie  pairs  of  cocci  in  the  e}min.<i.  Some  of  the  strey)tococei 
growing  in  long  chains,  however,  cause  the  broth  to  become  cloudy. 
This  cloudiness  may  be  only  temporary  or  it  may  be  lasting.  Those 
growing  in  short  chains,  as  a  nile,  cloud  the  broth,  this  cloudiness 
remaining  for  days  or  weeks.  A  graindar  deposit  appears  nt  the 
bottom  of  the  tube.  An  addition  of  0.5  to  1  per  cent,  glucose  aids  the 
development  of  .'^trepfococni,  but  the  aciil  producefl  tends  later  to  hasten 
their  death  and  make  them  lose  virulence.  A  traee  of  cjdcium  aids 
the  growlh.  This  Is  best  athled  as  a  piece  of  marble,  whidi  has  llie 
additional  advantage  of  neutralizing  seMtie  of  the  acids  proihu-ed. 

Gkowth  in  Ascitic  oh  Sekim  Boi  11.1.0N.— The  tlevelopmcnt  in  this, 
which  is  the  l>cst  mediiun  for  the  growlh  of  the  streptococcus,  is  more 
abundant  than  in  plain  bouillon.  The  liquid  is  clouded,  and  a  precipitate 
only  occurs  after  some  days,  the  flui<l  gnidually  ctcanng.  The  addition 
of  l)Iood  senmi  frequently  causes  streptococci,  growing  in  short  chains 
in  nutrient  bouillon,  to  proiluce  long  chains.  The  reverse  is  also  true, 
and  in  the  blood  all  fonns  are  usually  found,  partly,  at  least,  as  diplo- 
cocci  or  in  short  chains. 

Efkkct  on  IxuLiN. — This  is  not  fermented  bv  most  varieties. 
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Gkowtu  on  SoLiuiFiKU  Bloou  S6:m:u. — ^This  is  also  an  excellent 
metliiira  for  the  streptococcus.  Tiny,  Krayish  colonies  appear  twclre 
to  etgliteen  hours  after  inoculation. 

Growth  is  Milk. — All  sireptococci  grow  well  in  milk.  As  a  rule, 
when  gn)vvlli  Is  luxiiriiitii  a  mnrketJ  production  of  lactic  aciil  with 
coagulation  of  the  casein  occurs. 

Dkvei^i'mknt  in  Blood  Aoar. — Most  streptococci  produce  abund- 
ant hwuiolytic  substances.  This  is  espicially  true  of  thnse  from  human 
septic  infectioiw.  As  the  pnt  uraococ*  i  an<)  other  typen  of  .streptococci 
produce  them  in  a  muih  Kss  defrree.  blood-a^pir  plates  art-  a  very  useful 
ni  an.i  for  a  prolialtle  identification.  According  to  Rosenow  if  1  c.c. 
of  fresh  or  defibrlnated  bloi^  i.-*  added  to  6  c.c.  of  inelte<l  agar  at 
4(J*  to  4.5*'  C,  well  shaken,  inoculntetl  with  the  organisms  and  poured  in 
a  Petri  dish  there  will  appear  in  twelve  to  twenty-four  hours,  if  cliar- 
acleristic  streptoiocci  arc  jiresenl,  tiny  colonies  surrounded  l»y  clear 
zones  of  about  j  to  ^  inch  in  iliunieter.  Pneumucccci  and  some 
varieties  of  streptococci  on  the  other  hand  produce  only  narrow  zones, 
lull  inst'.'ud  a  preen  pigment. 

Duration  of  Lixe  (JIitsidk  or  thk  Body. — T\x\i  is  not.  as  a  rule, 
rer}-  <rreal.  When  dried  in  blood  or  pus,  however,  ihey  may  live  for 
several  months  at  ro()ui-teiii]H'nitun\  antl  longer  in  an  iccH-hest,  ami 
in  gelatin  and  agar  cultures  they  live  for  fnim  une  week  to  three  nionllis. 
In  onler  lo  keep  strfptoc*<n'«i  nlivc  and  viiutent.  it  is  U-st  In  transplant 
tliein  fre(|uenlly  atnl  Iti  keep  them  in  sennii  nr  ascitic  Htiid  iMvuillitn  in 
small,  sealed  glass  tubes  in  the  ice-chest. 

Uh>*i8TANCK  TO  Hkat  avii  Cjiesiicai^.— TIic  Uiennnl  death  iwiint  of 
the  streptococcus  is  l)etween  h2'^  and  54®  C,  the  lime  of  exposure  Iteing 
ten  or  twenty  minutes. 

Mercuric  chloride,  \:'2WK)',  sulphate  of  cop|»er,  1:200;  trichloride  of 
io<line,  1:7.t();  peroxi<le  of  hvdropen,  I:.V);  carlK^lic  aciil.  I:3(X>; 
•rresnl,  \:2H);  lysol,  l:.3n();  creolin,  1:130,  all  kill  sireptoeoeci  nithin 
a  few  minutes. 

Pathogenesis. —The  majority  of  test  aninnils  are  not  ver.'  susi-eplible 
to  infection  by  the  stieptoc»KX'Us.  and  hence  it  is  difficidl  to  obiJiin  any 
definite  pathological  alterations  in  their  tissues  through  the  inoculation 
into  them  of  cultures  of  this  organism  by  any  of  the  uiethu<Is  onlinarily 
practised.  While  mice  and  rabbits,  tm<ler  similar  conditions,  are  the 
most  snscreptilile,  and  these  animals  are,  therefore,  usually  employe*! 
for  experinientatioii.  Streptococci,  however,  ilifTer  greatly  in  the  elTecis 
which  they  prMlure  in  iuoculHletl  animaLs,  accorrling  to  their  animal 
virulence,  wnich  is  ven'  iliJTcivnt  fmrn  human  vinilenee.  The  most 
virulent  whru  injecteij  in  the  minutest  (piantity  into  the  circulalinn  or 
into  the  suK'ntaruHjus  tissues  of  a  mouse  or  rabbit,  pri«bice  death  bv 
seplicienna,  Those  of  somewhat  lesii  vinilenee  prinhKr  iIk'  same  n'sull 
when  injected  in  considerable  r|unntitie^.  Those  still  less  pathogenic 
pnxtuce  septicfcmia,  which  may  Iw  nuld  or  severe,  when  injecte<l  into 
ihe  circulation;  but  when  injected  sulH-utaneously.  they  pro<lu(!e  alxsccss 
or  emipelas.    The  remaining  streplooorci.  unless  inlnxlueed  in  (pian- 
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titles  of  20  c.c.  or  over,  pmiliice  only  a  slight  rerliwsSf  or  no  reaction  at 
all,  when  iiijectwl  subfiifaiR-ouiily,  »il«1  littli'  or  no  t-ITi-it  when  injected 
directiy  into  tl»r  rir<-ulnti4in.  Mary  of  the  strrpto<-orri  obtiiinefl  from  cases 
of  cellulitis,  uliscess,  empyema,  Anil  septicienita  l>elonp^  to  t]iis  group. 

A  nnniWr  of  vftrieties  nf  streptococci  have  thus  been  discovered, 
differing  in  vinilem-e  und  in  tlieir  growth  nn  jirtificiid  media;  Imt  all 
attempl.s  to  M'panitc  them  intu  \arions  classes,  even  wifli  tlie  use  of 
specific  senirn,  have  [iirgely  failed,  hecaiisp  the  iiitTcn-iiccfl  olisrrvcd, 
though  often  marked,  are  not  constant,  many  varieties  having  been 
found  to  lose  their  distinctive  cimractcristics,  and  even  to  apparently 
change  from  one  class  to  another.  A  further  objection  1o  any  of  the 
cxwting  cIit.*y;ification  of  strcptwfM'ci,  which  an*  hajicd  on  the  manner 
of  growth  on  artificial  cultni-e  media,  is  that  it  has  been  impossible  to 
make  any  wliicli  would  at  the  same  time  give  even  an  approximate 
idea  of  their  vinilence.  Kxperinients  have  proved  that  stre])toe(K'ci 
originally  virulent  may  U-conic  non-vindenl  aflcr  lung  i-nhivattoii  on 
artificial  media,  and,  again,  that  tliey  may  retnm  to  their  original 
pm|x^rties  after  beuig  passed  ihrcmgh  die  bodies  of  sirsivpliblc  animals. 
The  peculiar  type  of  virulence  which  they  may  actpiire  tends  to  per- 
petuate ilsclf.  at  least  fur  a  considerable  lime. 

One  important  fad  that  ex[>erieni-e  leaches  lis  is.  that  those  streptCK'cxOT 
which  are  tiie  most  ilanger^fus  are  those  which  have  come  immediately 
from  septic  conditions,  and  the  more  vindent  the  case  the  more  vinilent 
tJie  streptococci  aw  apt  to  l>e  for  aininals  of  the  same  species.  There 
seems  also  to  fie  a  strong  lendencv  for  a  s(reptocm*ciis  to  pnxhice  the 
same  innanmialion.  wlicn  inoi-nlated.  a.s  the  one  from  whirli  ll  was 
ol>taine<l;  for  example,  streptoiiK-ci  from  ervsipelas  tend  lo  pnHJnce 
eiysipelas,  from  septica-niiti  to  produce  septiciemia,  etc.  Slrcptocoeci. 
however,  obtaineii  from  dilTerent  sources  (abscesses,  puerperal  fever, 
aepsis.  erj'sijtetas.  etc.)  are  in  many  instance.-;  capable,  under  favoralde 
conditions,  of  producing  erj'sipela.s  wfien  inm^ulated  into  the  ear  of  a 
rabbit,  as  has  Iveen  pro\'ed  by  experiment,  provided  they  posse,ss 
sufficient  virulence. 

OcrtrRHKNo;  i\  M.w.  -  Slreptococci  have  been  found  in  man  as  the 
primarj'  cause  of  infection  in  the  following  diseases:  Kri'sipelas.  riicum- 
scrilied  and  extensive  acute  absci\4ses,  impetigo,  (vUiililLs  (circuniscrilrt'd 
as  well  as  dilTnsefi),  sepsis,  puerperal  infection,  lymphatic  abscesses. 
angina,  bronchopneumonia,  periostitis,  as leomw litis,  synovitis,  otitis 
media,  mastoiilitis,  meningitis,  pleurisy,  empyema,  and  endocarditis. 
Associated  with  other  bacteria  in  diseases  of  which  they  were  the  specific 
cause,  they  have  also  l>eeii  found  as  the  secondary  or  mixed  infection  in 
many  diseases,  such  as  in  piilmouary  tul)ercnlosis,  broncliopnenmnnia. 
septic  diphtheria,  and  iliphtheritic  scarlatina.  In  diphtheritic  false 
membranes  ihls  micrococcus  is  very  cotnmofdy  present,  and  Is  fretjuently 
the  source  of  deei>er  infection,  such  as  aU'scesses  and  sejitica-mia;  anil 
in  certain  cases  attetided  with  a  diphtheritic  exudation,  in  which  the 
Loeffler  bacillus  has  not  been  found  by  com[>ctent  Imcteriulogists.  it 
seems  proljable  that  the  streptococcus  pyogene»i,  alone  or  with  other 
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pyogenic  cocci,  is  r*.spoiiRil>ie  for  the  local  infltttuniatiun  ■nd  its  rrsults. 
Thesf  forms  of  ^o-cnll(vl  diplitlieria.  as  first  pninterl  nut  liy  Pnultlen, 
are  most  commonly  associnleii  witli  .scarlaliiia  ami  mcaslf't,  en'sipcUs, 
and  |>Iileginuiimis  inftannnation,  oroivur  in  indiviilnals  exposed  to  these 
or  other  infectious  disenses.  So  unifonnK  are  streptococci  present  in 
the  pseuflonipniliranous  inflBmtnntiun  of  patieiiLs  sick  with  scarlet 
fever,  that  many  iuvesti|{atui-:s  have  suspected  a  sjn-cial  variety  of  them 
to  l>e  tlie  ciiuse  of  this  disease.  The  same  is  Inie  for  snmlljKix.  Many 
varieties  are  regularly  found,  however,  in  the  throat  secretion  of  healthy 
individuaU  (in  100 examinations  hy  us  we  found  them  in  S3,  and  probably 
could  have  found  them  in  some  of  the  others  hy  longer  search).  Their 
pix'scnce  in  scarlet  fever  and  smallpox  is  mast  probably  due  to  their 
increase  in  the  disordered  muc<jus  nienibnine  anil  entrance  into  the  ci> 
culation  when  the  protective  properties  of  the  blood  have  been  lowered. 

The  causal  n'lalion  of  the  streptococcus  to  the  above-nientioned 
diseases  has  been  amply  pn»ve<l  by  inoculation  ex|>eriinents  bath  in  man 
and  QiiimaLs.  Fcfilciscn  has  inoculated  cultures,  obtained  in  the  first 
instani'c  from  the  skin  of  patients  with  crj-sipelas.  into  patients  in  tlie 
hospital  sufTcring  from  inoperable  malignant  growths—  hiptis.  carcinoma , 
and  sarcoma — and  ha.s  ohiaiiied  positive  results,  a  tj-pical  er\-5i|>elatous 
infiammation  having  developed  around  the  point  of  inoculation  after  a 
period  of  incuhation  of  from  fifttM»n  to  sixty  hours.  This  was  attended 
with  chilly  sensations  and  an  elevation  of  temjM'ratun'.  IVrsoiis  who 
bad  recently  recovered  from  an  attack  of  erysi|)ela5  pnjved  to  Ije  immune. 
These  experiments  were  tmdertaken  on  the  ground  that  malignant 
tumors  had  previously  been  found  to  improve  or  entirely  disappear  in 
persons  who  had  rccovcrwl  from  accidental  erj'sipclas.  During  the  last 
lew  years  this  fact  has  been  thenipeutically  applied  to  the  treatiueut  of 
malignant  tumors  by  the  artificial  pro<hiction  of  erysi^M-las  by  the 
inocidation  of  pure  cultures  of  streptococcus  or  of  their  toxic  products. 

Results  from  Ixjkctioxs  ix  'I'imoks. — 1»  some  cases  of  sarcoma 
this  method  has  met  with  considerable  success;  in  carcinoma,  however, 
tlie  results  have  Iweii  very  slight.  In  lhi.s  country  the  ex]>erimcntal  work 
npon  this  subject  and  the  actual  treatment  of  cases  have  V>ci;n  largely 
carried  out  by  or  under  the  direction  of  Coley.  He  has  kindly  sent  nic 
the  following  notes  on  his  residls : 

"The  improvement  and  inhibitory  action  which  the  toxins  have  upon 
carcinoma  have  proved  to  be,  in  nearly  all  cases,  but  (empomrj'. 

"On  tlw  other  hand,  in  sarcoma,  which  is  the  only  form  of  nialignnnt 
tumor  in  which  I  have  advo<ated  the  treatment,  sufficient  time  has 
elajised  to  enable  us  to  draw  the  following  conclusions; 

"Tlw  toxins  injected  subcutaneously  into  tite  tissues,  either  into  the 
tumor  substance  or  into  parl,s  remote  from  the  tumor,  exercise  a  distinctly 
inhibitory  action  upon  the  growtli  of  nearly  all  varieties  of  sarcoma. 
This  action  Is  tiic  least  niarkc<l  in  inelanotic  sarcoma,  and  thus  far  no 
cases  of  this  form  of  tumor  have  disapiteared  under  the  treatment.  *llic 
influence  of  the  toxins  upon  round-celletl  sarcoma  is  much  more  powerful 
than  it  is  upon  meknotic,  although  distinctly  less  than  upon  the  spindle* 
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celled  variety.  A  number  of  cases  of  round-celled  sarcoma  in  which  the 
diagnosifl  was  uncj  nest  ion  ed  disappeared,  and  the  patients  have  remained 
well  l»eyoml  three  years.  Nearly  half  of  the  cases  treated  showed  no 
appreciable  decrease  in  size;  the  majority  of  the  others  which  did  show 
marked  improvement  at  first,  after  deereasinji  in  size  for  a  few  weeks, 
agatn  began  to  increase  and  were  im  longer  infliienceil  by  the  treatment. 

"  In  half  of  the  cases  of  spindle-celled  sarcoma  treated  by  the  toxins  the 
iliseasc  had  disappeared  entirely,  and  the  majority  of  the  successful  cases 
have  remainerl  well. sufficiently  long  to  justify  theirbeinfi  regarded  as  cured. 
It  should  be  ilistinctlv  stated  that  all  of  the  tumors  under  coasidemtion 
were  inoperable,  as  I  have  never  advised  treatment  except  in  such  cases. 

"I  have  now  a  number  of  cases  of  spiiidle-celled  sarcoma  which 
have  remained  well  beyond  three  years;  one  case  of  mixed  (round  and 
spindle)  celled,  after  remaining  well  three  years,  Imd  a  return  in  the 
abdomen,  and  died  about  eieht  mouths  later.  The  result  here  certainly 
establishes  the  correctness  of  the  early  diagnosis." 

PnoDucTiox  OF  Toxic  Substance.s. — There  is  no  doubt  that  the 
streptococcus  causes  fever,  general  symptoms  of  intoxication,  and  death 
by  means  of  toxic  substances  which  it  forms  in  its  growth;  but  we 
know  but  little  al>out  these  snl)stiLnces  or  how  they  are  pro*luced.  The 
poisons  while  partly  extracellular  are  mostly  contained  in  the  cell  sub- 
stance. Heat  destroys  a  [>ortion  of  them.  They  appear  to  attack 
especially  the  red  blood  cells,  and  this  hiemolytic  action  seems  to  be  to 
some  degree  in  proportion  to  the  virulence  of  the  orgaobm. 

SracKPTiun.iTY  TO  Streptococcus  Infection. — As  with  the  ever- 
present  staphylococci,  wliosf  virulence,  as  we  have  seen,  is  usually 
slight,  the  streptococci  are  more  likely  to  invade  the  tissues,  forniing 
absces.'K'.s  or  erjsipelatous  and  phlegmonous  inHammation  in  man 
when  the  standanl  of  health  is  reduced  from  any  cause,  and  espe- 
cially when  by  absori»tioii  or  retention  various  toxic  organic  prod- 
ucts are  present  in  the  body  in  excv^is.  It  is  thus  that  the  liability  to 
these  local  infectioas,  as  complications  of  operations  or  sequelae  of 
various  specific  infectious  diseases,  in  the  victims  of  chronic  alcohnlisra, 
and  constitutional  affections,  etc.,  are  to  be  explained.  It  seems  estab- 
lished that  the  absorption  of  to.^ic  products  furmed  in  the  alimentary 
canal  as  a  result  of  the  ingestion  of  improper  food,  or  in  consequence 
of  abnormal  fermentative  changes  in  the  contents  of  the  intestine,  or 
from  constipation,  predispose  to  infection. 

Immunity. — Knorr  succeeded  in  producing  a  moderate  immunity 
in  ra!>bi(s  agiiinst  an  intcn-sely  vinilent  streptococciLs  by  injections  of 
very  slightly  vinilent  culliires.  Fasqtiale  was  ablt:  to  iiiimtiiii/.e  these 
animals  i>arlially  against  septicemia.  Mnrmorek  has  immunized 
sheep,  asses,  ond  horses  against  very  large  doses  of  a  streptococcus, 
which  though  but  slightly  virulent  for  them  was  intensely  so  for  rabbits. 

In  none  of  the  streptococcus  inflammntions  do  we  notice  much  ii]»par- 
ent  tendency'  to  the  productiim  of  immimizing  and  curative  substances 
in  the  blood  by  a  single  infection. 

Severe  general  infections  usually  progress  to  a  fatal  termination 
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after  a  few  days,  weeks,  or  months.  It  is  true,  however,  tliat  rajes  of 
erysiiiola-s,  n^Ihilitis,  jiriil  uhscess.  after  periods  v»ryinp  fmiii  ii  fi**  days 
to  months,  teml  to  rei'nver,  and  to  a  certain  extent,  tlterefore,  we  mny 
ftjisiime  diHt  prutei'tive  iigenls  hiivr  be«'n  prodii(r<l.  In  these  riuMvs,  liow- 
ever.  we  know  fwm  experience  that  faulty  Irentment.  by  lessening  (be 
loeal  or  jienerol  resistance,  would,  as  a  nde,  cause  tlic  subsiding  infection 
to  B^uiu  prnnR'ss  |MThiips  even  to  a  more  serinn.s  extent  than  the  dripnHl 
attack.  Koch  and  IVtrnschky  ine<l  a  most  inten'stingex()eriincut.  They 
inoculated  ciilanentislv  a  man  KufTerinf;  from  a  mahrrnnnt  tumor  with  a 
streptococcus  obtained  front  cptsiix-his.  He  developol  h  uitxleratfly 
sevei-e  iiltack,  which  laste<]  abtnit  ten  days.  On  its  subsidence  they  re- 
inriculatfd  htm;  a  new  attack  devch>ped,  which  ran  the  sjimc  ct)urse  and 
over  the  same  area.    This  whs  repeated  ten  limes  with  tlie  same  resuhs. 

litis  e^tperiiiicnt  provcit  that  in  this  case,  at  least,  httk*  if  any  lasting 
curative  or  inimuiti/.infr  substances  were  produced  by  repeale«l  attacks 
of  efTfsijtclas.  and  that  the  recover)'  fnim  each  attack  was  due  to  local 
and  transitor\'  protective  development*!. 

'I"he  severe  fonns  of  infection,  such  as  septica'niia  fnllowirif;  injuries, 
oiieralions,  and  puerperal  infections,  show  little  tendency  to  l>e  arrested 
after  JH-ing  well  established.  Having,  then,  in  remembrance,  tl»e  nliotr» 
fact.s,  let  ns  cniisiiler  the  results  already  nbliiineil  in  the  exijerinienUil 
immnnizntiori  and  In-atment  of  unitiials  and  men  sulTeriiig  from  or  in 
danj^'r  of  infection  with  streptococci.  (->ne  method  is  now  chiefly  used 
for  the  immunization  and  attempt  to  produce  cnirotivc  substaiters  in 
animals,  nauu'ly  the  hijection  in  ^nidually  increa-sinp  doses  of  the  living, 
vindent  strcptococcu.^  it.telf.  >Iarmorpk  was  the  fir*t  to  attempt  the 
pnxlin'tioii  of  !i  cunitivc  .^cnitn  on  a  lar<,'e  scjile. 

Infiasnce  of  Sanim  from  Immunised  Animala  apon  fltreptococcni  Infec- 
tions in  Other  Animals.^n  the  table  an-  given  tlK>  residts  following  tlx* 
injection  of  simdl  aintiiints  of  a  seniin  whicit  represents  in  immunixing 
valine  wlijit  ididiii  iinc-lliird  fif  ihe  horses  an-  able  (o  proflim-.  In  die 
following  experinieiiLs  the  senmi  and  cnllure  were  injected  subcutn- 
ncously  in  rabbits  at  the  same  time,  but  in  opposite  sitles  of  the  body: 

TaBLk  Shotting  Strriu/th  of  Avrraife  Grade  oj  ArUuir^pbtcoccic  Strum  given  Uj/JMertnt 
Monofn  a/trr  wix  mmtha  of  tn}ef:tion  of  tttitiAe  amonnia  of  Lining  Strtpioeotri. 
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The  above  results  have  been  repeatedly  obtaine<l,  and  are  alisolitlely 
rfinclusive  that  the  senim  of  prtjfMrly  splectetl  anniuils.  which  have 
been  repeatedly  injected  with  Hving  streptococci  in  suitable  doses, 
[MKssessra  liacterieidul  pn)|M>rlies  upon  the  .same  .strepttx^cxrus  when  it 
conies  ill  contact  with  it  within  llu*  bodir.s  of  aniiniils. 

Definite  protection  from  (be  Mcnnii  has  Ijecn  obtained  by  many 
relinblc  ubM-i'veni  •^irnT  Miiriunn-k'.s  firsl  n-prnri-s. 

Is  Protection  Afforded  by  the  Same  Serum  against  all  Varieties  of  Strep- 
tococci?—Wc  have  tested  the  protective  value  of  one  scrum  against 
htn-'ptoc<K'(!i  derived  from  five  ditferent  sourt-es.  First,  the  streptococcus 
given  us  by  ^lannorek,  which  was  obtained  from  a  case  of  an^rina. 
tt.s  vindence  is  now  such,  after  having;  pnssed  throufib  hundrctls  of 
rabbiLs,  that  0.tX)ll001  c.c.  is  llie  avcnip-  fulul  tlose.  Sceont!,  a  .strepto- 
coccus obtainetl  from  a  case  of  erysipelas  in  England.  Its  virulence 
is  0.00001  c.c  on  the  uvera^e.  Tliin!,  a  sln>ptix*ocetis  obttitned  from 
a  case  of  relliiliils,  its  virnlencc  l>eing  idjoiil  (i  c.c.  Fourth,  a  stifpto- 
cwcus  sent  nie  by  Tlicnbidii  Siiiitli.  Its  virulence  i,s  sucli  tlmt  fl.l  c.c. 
is  the  ttveraj;e  fatal  dose.  Fifth,  another  cidlure  sent  me  by  Smithy 
which  grew  in  .short  chains  and  wa.s  obtained  from  railk;  its  \irulcnce 
was  similar  to  No.  4. 

.\gainst  the  first  three  streptococci  derived  from  three  different 
varieties  of  infection  e.\istin<;  in  lliree  different  countries  the  serum 
produced  by  tlw  slrfpti"K'ncrus  from  F.nglatid  liail  nearly  tlie  same 
value.  Against  the  latter  two  streptococci,  as  well  as  against  a  strepto- 
coccus fnini  a  case  of  rndneanlilis,  which  rcsendfU'd  in  some  re-spect* 
Ilie  prieinnix.*occi  and  a  pneumociwcus.  (be  seninj  luid  no  cfTect. 

The  results  of  nunier<»us  invcstigatoi-s  indicate  that  the  majority  of 
streptococci  met  with  in  septic  infections  will  be  inllucnced  by  the  same 
serum.  Many  more  streptococci,  however,  must  be  obtained  from 
humnn  infections  and  tested  l)efore  we  can  be  certain  of  this.  ITiose 
obtained  frotn  ca.s«:'.s  nf  pneiunonia  and  enihx-aixlitis  which  have  some 
resemblance  to  pnenmococci  and  which  are  not  very  virulent  in  animals^ 
ore  es[>ecinl!y  in  need  of  invi-stigalion. 

Preparation  of  the  Serum. — Anlistreptococcus  serum  is  obtaine<l  fnim 
the  horse  after  treatment  by  repealcl  injections  of  living  streptococcu.'* 
euUun-s  of  streptococci  dcrive^l  from  huiiian  sources.  An  a  rule,  a 
number  of  varieties  are  given  at  the  .same  time  so  that  the  serum  will 
Ix'  active  against  any  variety  causing  the  infection.  If  the  serum  is  to 
lie  use<l  in  scarlet  fever,  the  streptococci  used  ."(houtd  be  fnim  cases  of 
scarlet  fever.  The  procuring  of  a  serum  of  the  higliest  potency  requires 
»  considerable  number  of  aniniaLs,  for  .sonic  pnwluce  with  the  same 
treatment  a  more  pn)tective  senms  than  others.  'Hie  serum  must  be 
.fterile  from  streptoco<'cus  as  well  as  from  other  contaminations. 

Stability  of  the  Semm.— Unforluinitcly.  after  se%"end  weeks  or  inonllis, 
the  serum,  as  a  nile.  loses  most  of  its  protective  value.  It  should  be 
kept  in  n  cohl  and  diirk  place. 

Standardijuttion  of  the  Value  of  the  Serum. — The  value  of  the  serum  is 
measureil  by  (lie  amonnl  re<pnred  to  pn)tect  against  a  multiple  of  a  fatal 
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dose  of  a  vcn*  vinilent  streptococcus,  llic  dose  is  usually  a  thousand 
times  the  average  fatal  njiinunt  of  a  ven-  vinilent  .«lrept(K-iH.'c-us. 

This  inethott  gives,  as  a  nile,  to  those  inifaiiiihur  with  bacteriology, 
an  exaggerate*]  idea  of  the  potency  of  llie  senim. 

A  Ihoiisanil  times  the  amount  of  a  ven*  vinilent  streptococcus  cul- 
ture retjuired  to  kill  nn  aninml  hy  prodiiclnp  septjcipmia  is  more  easily 
controlU'd  tliau  fnur  times  a  faf:il  Hose  of  a  sliglrtly  virulent  slrepto- 
coccus.  The  serum  nets  upon  a  certain  quantity  uf  organisms,  while 
it  is  only  tlteir  enormous  tnultiphcation  iu  the  animal  which  kills. 

It  is  entirely  dilferent  in  case  of  an  antitoxin  which  does  not  prevent 
primarily  the  growth  of  the  germ,  but  ne\itralizc3  a  chemical  substance 
— its  toxin. 

Therapeutic  Results. —To  estimate  the  exact  present  and  future  value 
of  aiitistreptococcus  serum  is  a  matter  of  the  utmost  difficulty.  Many 
of  tlic  eases  rrportctl  are  »f  little  ur  no  help,  Ix-eanse  no  cultures 
having  been  made,  we  are  in  doubt  as  ti>  the  naUirp  of  the  liaclerial 
infection. 

Marmorck's  results  are  by  far  the  Iwsl  reported,  but  without  casting 
any  doubt  upon  the  justification  of  his  conchwjon.s,  from  the  data  at 
his  command,  I  bi-lieve  they  undoubtedly  give  too  favorable  a  view  of 
the  vahio  of  the  serum. 

In  tlie  few  cases  of  pueqieral  fever,  erysipelas,  wound  infection, 
scarlet  fever,  and  bronchopneumonia  tliat  wc  have  si'cn,  the  apparent 
results  under  the  Ireatnient  have  not  been  uniform.  Only  occasionally 
have  we  seen  results  which  appeared  to  \^  distinctly  due  to  the  serum. 

In  a  nuuiber  of  cases  of  septicu'Uiia  when-  fur  days  chills  had 
occurred  daily  they  ceased  absolutely  or  lessened  under  daily  doses  of 
20  to  50  c.c.  The  temperature,  though  ceasing  to  rise  to  such  heights, 
did  not  average  more  than  one  or  two  degrees  lower  than  before  the 
injections.  In  some  cases  the  scrum  treatment  was  kept  u]>  for  four 
■weeks.  Some  cases  convalesced ;  others  after  a  week  or  more  grew 
worse  and  diwi.  In  some  cases  the  temperature  fell  immediately  upon 
giving  the  first  injection  of  serum,  and  after  .suhserpient  injections  re- 
nuiined  noniial,  and  the  eases  secuied  greatly  l>eiiefited.  .\s  a  rule,  in 
these  cases  no  streptococci  or  any  other  organisms  were  obtained  from 
the  bh»od.  Iti  broncliopneunionia,  laryngi-al  diphtheria,  scarlet  fever, 
smallpox,  and  phthisis,  we  have  seen  absolutely  no  efTect.  In  the 
exanthemata  our  injections  were  much  smaller  than  those  used  in 
Vienna,  in  which  city  verj*  striking  results  are  reported  from  100  c.c. 
^oaes. 

The  results  obtaineil  here  in  New  York  by  both  physicians  and  aur- 
geoiw  have  not,  on  the  whole,  lieen  very  encouraging. 

In  some  of  the  ciises  whei^e  apparently  favorable  results  wi^re  obtained 
other  bacteria  than  streptococci  were  founil  to  l>e  tlie  cause  of  the  dis- 
ease. We  believe  that  the  following  conclusions  will  be  found  fairly 
accurate : 

A  single  antistreptococcic  serum  protects  healthy  rabbits  from  infeo- 
lioD  from  most  of  tlie  streptococci  obtained  from  human  sepsis,  but 


PRODUCERS  OF  ABSCBSSES,  CKU.VUTIS  ASD  SEPTlC/EMtA     347 


m  for 


not  from  all.  Failure  to  do  good  in  human  infcciioa  caimof.  as  a  nile, 
be  attributed  to  the  variety  of  streptococcus.  The  scnim  will  in  animals 
limit  an  infection  already  started  if  it  has  not  progreswil  too  far.  The 
apparent  therapeutic  re.sulLs  in  cases  of  human  slreptococciis  infection 
are  variable.  In  some  cases  the  disease  has  imdoubtedlv  advanced  in 
spite  of  large  injections,  and  here  it  has  not  seemed  to  have  liad  any 
-effect.  In  other  cases  gotHi  uliservers  riglilly  or  \vrongly  helieve  they 
have  noticefl  great  impi-ovenient  from  it.  Except  rashes,  few  have 
noticed  deleterious  results,  although  very  large  doses  have  bi'cii  followed 
in  several  instances,  for  a  short  time,  by  albuminous  urine  and  e\'en 
temporaiT  suppression. 

In  suitable  ca.ses  we  are  warranted,  we  believe,  in  trj'ing  it,  but  we 
should  not  expect  very  striking  results. 

For  our  own  .qflii.sfnetion,  and  to  increase  our  knowledge,  we  should 
Always  have  satisfacton,"  cuUun-s  made  wiien  possible,  ami  tlie  strepto- 
cocci, if  obtaineil,  tested  with  the  serum  usipcl  in  the  treatment.  In  (he 
cases  whea*  we  want  most  to  use  the  sennii.  such  as  puei"]jeml  fever, 
septicieraia,  ulcerative  endocarrlitis,  etc.,  we  find  that  it  is  very  difficult 
to  make  a  bacteriological  diagnosis  from  the  symptoms,  and  in  over 
-one-halE  of  the  cases  even  the  bacteriological  exammation  carried  out 
in  the  most  thorough  way  will  fail  to  detect  the  special  variety  of  Iwc- 
teria  causing  the  infection.  This  is  often  a  great  hindrance  to  the 
projicr  use  of  curative  antislreptocoeeic  serum,  for  it,  of  course,  has 
no  specific  effect  upon  the  course  of  any  infection  except  thnt  due  to 
the  strcploctweus  ami  (he  full  effect  oidy  on  its  own  tir'j>e. 

Care  should  lie  taken  to  get  only  recently  tested  serum,  for  after  six 
weeks  tlie  best  serum  is  almn.st  inert;  much  on  the  market  is  worthless, 
and  as  it  is  weak,  and  the  testing  for  strength  is  still  very  crude,  full 
doses  (10  to  20  c.c.)  of  serum  should  be  given  if  the  case  is  at  all  serious, 
for  the  dose  is  Uniited  only  by  the  amount  of  horse  serum  which  we 
feel  it  safe  to  give,  not  because  we  have  sufficient'protective  substance. 


Bacteriological  Diagnosis, 


Streptococci,  using  the  name  in  a  broad  sense,  can  often  be  demon- 
straletJ  microscopically  by  simply  making  a  smear  preparation  o| 
the  suspected  material  and  staining  with  metbylene-blue  solution  or 
diluted  Ziehl's  fluid.  In  order  to  deaioustrate  them  microscopically  in 
the  tissues,  the  sections  are  best  stained  by  Kiihne's  methylene- blue 
method.  In  all  cases,  even  when  the  microscopic  examination  fails, 
the  cocci  may  be  found  by  the  cuhure  method  on  plate  agar  or  slanted 
agar  at  37°  C-  I'o  obtain  them  from  a  case  of  erysipelas  it  is  best 
to  excise  a  small  piece  of  skin  from  the  margin  of  the  er)'sipelatous 
area  in  which  the  coeei  are  most  numerous;  ttiis  is  enished  up  and  ]>art 
of  it  transferred  to  as<.-itic  or  st-nuu  bouillon,  and  part  is  streaked 
across  freshly  solidified  agar  in  a  Petri  dL'^h  on  which  a  drop  of  sterile 
rabbit's  blood  had  previously  been  placed.  Both  are  kept  in  the  incu- 
bator at  37*"  C. 
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In  septica>mia  the  ciillitre  nicthtxi  is  alwiivs  re<]uinNl  lo  dontoii.itrate 
the  prL'sciu-c  of  strcptot'ot-ci.  its  the  mi<T(>S(v»pic  cxiiniinatioii  uf  sp(*ri- 
meiis  of  \Atiin\  Ls  not  siiHicient.  For  diU  purpose  from  10  to  I.^  c.v.  of 
tlie  Wood  should  Ijc  ilrawn  from  the  vein  of  the  ami  a-septicallv  by 
nieaiu  of  n  hvpoderiiiic  neetlle,  and  to  each  of  three  lubes  c-oiilaining 
10  c.e.  of  melted  imrnent  agnr  kept  at  atioiit  43**  C.  I  c.c.  of  MoihI  is 
added.  After  tlinroii^hlv  mixing  the  contents  are  poured  into  Petri 
dishes.  Tlie  rcmniiider  us  added  li>  (hisks  or  tiilu-s  of  nutrient  lin>lli, 
in  onler  tu  protluce  an  adequate  development  of  the  cocci,  which  are 
founrl  ill  small  uumlxTS  in  the  I ilood vessels.  Pctnischky  is  of  tlie 
opinion  that  the  cocci  can  best  l)e  .shown  in  bhwKl  by  animal  inocu- 
lation. Ilaviiitr  nitlidraun  from  the  patient  U)  c.c.  of  blood  by  means 
of  a  hypoilerniie  syringe,  under  aseptic  precautions,  he  injects  a  por- 
tion of  this  into  ihe  Hl»loniiiml  ravilyof  a  mouse,  while  the  other  poi^ 
tion  is  plante*!  in  bouillon.  Mice  thus  iiKK-ulated  die  from  septicieuiifi 
when  virulent  slreptot-iK-ci  are  present  onlv  in  ver}'  .snudl  nundiers  in 
(he  blood.  If  n  siiccessfnl  inocuUitictn  takes  place  we  can,  through  the 
absence  or  presence  of  tlic  development  of  capsules,  often  ditTereniiiiie 
between  the  pneunuK-occus  and  the  slrcptixoccus,  which  cultures  may 
fail  to  do.  The  development  of  n  wide,  clear  zone  about  the  colonies, 
without  a  development  of  green  pigment,  indicates  that  the  sireptocr«xri 
belting  to  llie  pvogenes  tvpe.  Tin-  absence  of  a  definite  /.one  and  the 
dirvelopment  of  a  green  color  indicates  that  they  are  pneunuK-occi  or 
streptococci  which  in  these  (wo  re-sfH-cts  rest-mbh"  pneunxK-iicci.  Tlir 
growth  in  the  Hiss  inidin  senim  meilium  will  generally  difTen'iitiale 
l>etween  the  two,  iw  the  pneunioeoeci  usually  cimgtdate  the  st-nim, 
while  the  great  majority  of  streplocoi-ci  do  not.  The  mor|di('l«>gicTil 
and  cultnrtd  characteristics  of  the  streptococcus  give  us,  unfortunately, 
no  absolute  knowledge  as  to  the  intluence  which  the  protecting  srrum 
will  have.  The  actual  test  Ls  here  our  only  method.  'Ilie  detection  of 
tlie  streploeoccus  in  the  IiIikmI  is  in  itsrlf  an  unfavorable  prognostic 
sign. 

The  blood  cultures  in  many  eases  of  sentico'mia  give  no  postlivc 
results,  for  many  of  these  ciuses  develop  their  symptoms  and  even  ilie 
from  the  absorption  of  toxins  from  the  local  infection,  such  as  an  Hnt|)u- 
tation  wotmd  or  an  infected  uterus  or  iwritoneum,  and  the  bacicriw 
never  invade  the  blood.  When  wc  get  negative  results  we  are,  as  a  rule, 
utteriy  unable  to  test  the  case  witli  curative  senmis  with  any  accumcy, 
for  tlw  se|>sis  may  be  due  to  either  the  streptococcus,  colon  baciUus,^ 
staphylococcus,  or  a  nuuil>er  of  other  iwthogenic  varieties  of  bAcleriii. 


CHAPTER   XXV. 

THE  DlPUXIOCCt^S  OF  PNErMONIA  (PNEt;M(K:fK:CIJ.S,  STREPTO- 
COCCUS LANCKor.VlTS.  MICROCOCCI'S  T.ASTEOI.ATT'S).    THE 
PXErMOltACILLl^rt  (FHIKULANUKK  BACILI.L'S). 


The  Diplococcus  of  Pneumonia. 

The  diplococcus  of  pneumonia  was  obspnod  in  LSSfl  alnia^t  simiil- 
taiieniislv  l>y  Sternljerg  jinii  Pasteur  in  the  blooci  of  raliliiLs  iii(x;iilate(t 
with  hiimaii  saliva.  In  tlic  next  Few  years  Tiihtinon,  Fritrdliinilcr, 
A.  Fraenkel,  Weichselhaiuii,  ami  othere  siilijecteij  this  inltTo-orgunisin 
to  an  extentlei^  soncs  of  iiive_sti)t»tions  aiitl  provetJ  it  to  he  the  chief 
etiolojjical  factor  lu  the  pnxliiction  of  lobar  or  croupous  pneumonia 
tD  man. 

The  oulcoine  of  tlie  various  iuvesiitratioiis  prove*!  tliat  the  acute  hing 
infUmmations,  es|>ecially  when  not  of  the  frank  lobar  pneumonia  type, 
are  not  excited  by  a  single  variety  of  micro-organism,  and  that  ll»e 
haclerui  involved  in  the  prodnriion  of  pneunmniaii  are  also  met  with 
in  inlluminations  (ff  other  (Lssues, 

III  any  individual  pneumonic  iidlaninintioii  it  Is  also  found  that  more 
than  one  variety  of  bacteria  may  l»e  active,  either  from  (he  start  or  as  a 
later  addition  to  the  original  primarv'  infection. 

Among  all  the  iiiicro-or^anisms  active  in  exciting  pneumonia,  the 
diplococcus  of  pneumonia  is  by  far  the  most  conmiori,  l»eing  almost 
always  present  ui  primary  lobar  pneumonia  and  as  frec|uently  as  any 
other  germ  in  acute  bronchopneumonia  and  meta.static  forms.  He.'iides 
tlieditTerent  varieties  of  pneumoctxri  tlie  following  bacteria  are  capable  of 
exciting  piieianoiiia:  .strepfiK-wciis  pyogenes,  .staphyhxsiccus  pyogenes, 
bacillus  pneumnnia',  l_iacilhi.<  influenza.',  bacillu.s  pestis,  Imeilhis  diph- 
theriie,  Iwcillus  tj'phi,  Imcilluscoli.and  the  bacillus  tulierculoei.'^.  Since 
the  varieties  of  iMtt-tcria  exciting  acute  pneuinnuia,  with  the  exception 
of  the  pneumococcus,  are  met  with  ntore  fre((ucnlly  in  other  inflam- 
mations and  have  been  (lcscril>e<l  elscwhciv.  they  will  only  Ix*  noticed 
in  this  chapter  so  I'ar  as  their  ivlation  to  pneumonia  deuuind. 

Morphology. — Typically,  the  pneumococcus  occurs  as  spherical  or  oval 
cmci.  nsually  united  in  pairs,  but  sometimes  in  lonf»er  or  shorter  chains 
c«»ri,si.stiiig  ni  from  three  to  .six  or  more  elcnieiit.s  iiiiil  n-M-inbling  (he  strep- 
tococcus, The  cetls.  as  they  commonly  iK-cur  in  pairs,  aiv  soinewhiit  oval 
iu  shajie,  l>eing  usually  pointed  at  one  end  —  heiu-e  the  name  taiu-folattu 
or  l8ncet-sha|H'd.  When  thus  united  the  jinictiun,  as  a  nile,  is  between 
the  bnMid  en^ls  of  the  oval,  with  the  pointed  ends  tiinied  outward;  but 
variation  in  fonn  Hn<l  ;[rningenR-nt  of  the  cells  is  ctiaructeristic  of  this 
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orpinisin,  (here  bciti};  greitt  ilifTerences  acconliiig  to  Ihe  soiiirc  fron* 
which  they  are  ohtnuieiI.  As  obsenetl  in  the  sputum  an<l  blood  it  is 
usually  ill  [niin  of  liiiic^t-shaped  elements,  which  ure  surruundi-il  l>y  & 
capsule.  (See  Fig.  lOS.)  When  grown  in  fluid  culture  media  longer  or 
shorter  chains  arc  frequently  formed,  which  can  scarcely  be  disiin- 
giiisheil  from  chains  of  certain  streptococci,  except  that,  as  a  rule,  the 
Ienp;th  of  the  chain  is  less  and  the  pairs  of  diplococci  are  fartlier  apart. 
In  cultures  the  individual  cells  are  almost  splierieal  in  shajM',  and 
except  in  certain  varieties  are  rarely  surrounded  by  a  capsule.  (See 
Fig.  ion.)     Tlie  pneumoeoccuH  is  by  some  chissed  as  a  streptococcus. 

1*1)C  ca[>sule  is  l)est  seen  In  stained  pi-c|>aralion.s  from  the  Mood  and 
exudates  of  fibrinous  pneumonia  or  from  the  blood  of  an  inoculated 
animal,  especially  the  mouse^  In  which  it  is  commonly,  though  not 
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always,  present.  It  is  seldom  seen  in  prepamtions  from  ctillures  Unless 
sjiecial  media  are  employed.    Flagella  are  not  present. 

Staining.^ — It  stains  readily  with  ordinary  aniline  colors;  it  is  not 
decolorized  after  staining  by  Gram's  method.  The  capsule  may  be 
demonstrated  in  bloo*!  or  sputum  either  by  Gram's  or  Welch's  (glacial 
acetic  acid)  method,  or  the  copper  sulphate  mctho<l  of  Hiss. 

Biology. — It  grows  equally  well  with  or  without  oxygen,  being  thus 
l)oth  aerobic  and  facultative  anaerobic;  its  parasitic  nature  is  exhibited 
by  the  short  range  of  temperature  at  which  it  usually  grows — \iz.,  from 
2.5°  to  42°  ('. — l)est  at  37°  C.  In  the  eullivalion  of  this  nrgHntsm 
neutral  or  slightly  nlkaline  media  should  be  employed.  The  monism 
grows  feebly  on  the  seruiii-free  culture  media  ordinarily  employed  for 
tlie  cultivation  of  Ijacteria — viz.,  on  nutrient  agar  and  gelatin,  in 
bouillon.    The  best  medium  for  its  grouth  is  a  mixture  of  one-third 
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human  or  ania:a)  bluiwl  serum  or  afioitic  or  pleuritic  fliiul  and  Iwu- 
tliirds  lx)uilIon  or  nutrient  Bgar  growth  in  milk. 

Growtd  in  Milk,-  It  grows  rcudily  iii  milk,  causing  coagulation 
Tiith  the  production  of  acid,  though  this  is  ixoX  constant  with  some 
fomis  intermediate  bct^veen  the  streptococcus  and  pncumococcus. 

Groi\tr  on*  Agar. — Cultivftteil  on  plain  nutrient  agar,  after  twenty- 
four  to  forlj'-eight  hours  at  37*^  C,  the  deep  colonies  are  hardly  visible 
to  tlie  eye.  I'nder  tlie  microscope  they  appear  light  yellow  or  lu-own 
in  color  and  finely  granular.  The  surface  eolouiea  are  lai^,  equalling 
in  size  those  of  streptococci,  but  are  usually  more  transparent.  If  blood 
serum  or  ascitic  fluid  l>e  addeil  to  the  agar  the  individual  culouies  are 
; larger  and  closer  together,  and  the  growth  is  more  distinct  in  conse- 
quence and  of  a  grayish  color.  The  surface  colonies  are  almost  circular 
in  shape  under  a  niagni6cation  of  fit)  diameters,  finely  granular  in  struc- 
ture, and  may  have  a  somewhat  darker,  more  compact  centre,  surrounded 
by  a  paler  marginal  zone.  Witli  high  magnification  eorei  in  twos  and 
short  rows  often  distinctly  separated  are  seen  at  the  edges.  In  stick 
cultures  minute  transparent  drops  appear  along  the  line  of  puncture. 

Gbowtd  on  Gelatin. — The  growth  on  gelutui  is  slow,  if  there  is 
»Dy  development  at  all,  owing  to  the  low  temperature— viz.,  24°  t<i 
27"  C. — above  which  even  the  most  hca(-n*sistuut  gelatin  will  melt. 
The  gelatin  is  not  liquefied. 

Growth  ox  Blood  Serum. — ^The  growtli  on  Ixveffler's  blood-serum 
mixture  is  very  similar  to  that  on  agar,  hut  somewliat  more  vigorous 
and  characteristic,  appearing  on  the  surface  as  a  delicate  layer  of  dew- 
like drops. 

Gnowrn  ix  Rorn.i.ON. — In  bonillon,  at  the  end  of  twelve  to  twenty- 
four  hours  in  the  incubator,  a  slight  cloudhiess  of  the  liquid  will  be 
found  to  have  bct-n  produced,  due  to  t!ie  development  of  the  micrococci. 
On  microscopic  examination  these  can  be  seen  io  be  arranged  in  pairs 
or  longer  or  shorter  chains.  In  two  or  three  dap  the  medium  again 
-becomes  transparent  owing  to  the  subsideni*  of  the  cocci.  After  one 
or  two  transplantations  the  pneumococci  frequently  fail  to  grow. 

Specul,  Medi.i. — Fraenkel  was  the  first  to  draw  attention  to  the 
fact  that  this  organism  soi>n  loses  its  reproiiiiHive  power  when  grown 
on  ordinarj'  culture  media,  and  more  particularly  solid  media.  In  fluid 
media  the  vitality  i.s  not  quite  so  quickly  lost;  but  even  here  it  is  found 
advisable  to  tmnsplant  fresh  cultures  everj"  day.     When  cultures  are 

rWD  on  serum-free  media  the  vitality  of  son^c  cultures  may  indeed 
indefiiutely  prolonged;  but  after  transplantation  through  several 
'generations  it  is  fomid  that  the  cultures  begin  to  lose  io  virulence, 
and  that  they  fina.ily  become  non-viruient.  In  order  to  restore  this 
virulence,  or  to  keep  it  from  becoming  attenuated,  it  is  necessary  to 
interrupt  tlie  transplantation  and  pass  the  organism  through  the  bodies 
of  suseeplihie  animals. 

With  the  view  of  overconung  these  obstacles  in  the  way  of  culti- 
vating this  mici-ococcus.  several  special  media  have  been  proposed  by 
various  experimenters  in  the  place  of  the  ordinary' culture  media.    The 
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\tenl  fluid  moilium  for  the  growth  of  the  preutnococcus  is  Maniiorpk  s 
mixture,  mnsLsting  of  hoiiilKui  2  imrl.s  iin<l  ii-scilk'  or  plriiritic  Hiiifl  I 
part.  In  (Iiis  fluid  piieuinoaMfi  prnw  well,  und  rultures  when  preser\'ei| 
in  a  coo!  plinr  und  prcvi-iited  froin  drvinK  retain  tlieir  vitatily  and  nl9t> 
their  vlrulenc-e  for  a  uuml>cr  of  weeks.  Iwani))ert  has  found  cultures 
hi  this  me^liuin  alive  and  fully  virulent  after  eifiht  months. 

Ix>effler'.s  hIooil-.senini  mixture  is  a  f^onti,  .soti<i  tube  nietliuni  for 
making  cnltnre.s.  and  is  ven*  eonvenienl  and  useful  at  autopsies.  One- 
and-one-half  per  rent,  fluid  nutrient  agar  mixeil  with  one-tluni  its 
quantity  of  wnnii  aseitic  fluid  nuikes  an  extvllent  plate  medium. 

Hiss  Skkim  Media  with  and  withoit  Inulix.— These  are  very 
useful.  'I'he  iiuilin  is  fenneiiteti  by  Ivpieal  pneuinoeocei  willi  coajfida- 
tion  of  the  serum.  AVhlle  most  strepl^x-opci  fail  to  ferment  the  iiiulin, 
This  medium  is,  tlicrefore,  of  coii.sidi, ruble  diagnostic  value, 

Nutrient  agar,  with  fresh  rabbit  l>]ood  smeared  over  it  makes  an 
excellent  inediinu  for  growth,  but  pivveiiis  tlie  development  of  af^jlu- 
tinable  sub.staiice.  Oti  (fii.-i  medium,  in  a  moist  almasphere  at  3f>°  C, 
the  cultures  n'tain  their  viability  and  virulence  for  rabbits  for  months,' 

Calcium  Broth  with  on  withoi't  Dextrose. — Tliis  medium  ha.i 
proven  of  great  value  for  the  propagation  tif  cultures  where  agglutina- 
tion tests  are  to  l)e  carried  uut.  The  addition  of  a  small  piece  of 
niarbli*  to  each  UiIh"  "f  btoth  is  ihe  most  satisfactory  wav  of  preparing 
it.  Marble  broth  for  this  purpose  was  suggested  iiidepeiulenUy  ity 
Boldiian  and  Hiss. 

Kexista.nce  to  Lioht,  Dhyinc,  am>  OER.\iiriDAL  Agkxth. — On 
artificial  culture  media  the  pneumococci  [end  to  die  rapidly.  This  is 
partially  due  to  the  aeid  produeed  by  their  growth.  In  .sputum  they 
live  much  longer. 

Pneumonic  sputum  attached  in  masses  to  clothes,  when  dried  in  the 
air  and  exposed  to  diffuse  daylight,  iftains  il.s  vinileruv.  as  shown  by 
injei-tion  in  rabI)iLs,  for  a  perioil  of  nineteen  1o  fifty-five  <lays.  Kxposed 
to  <lireet  sunlight  the  .saine  uiatenal  retains  its  vindeiice  after  but  a 
few  hours' exposure.  This  retention  of  vindence  for  so  long  n  time 
under  these  circnmstance.s  is  aecotmled  for  by  the  prolective  influence 
affonled  by  the  <Iried  mucoid  material  in  which  the  micrtx-occi  were 
enilteildt^l.  (iniLruicri  itl»ser\'ef|  tltMt  the  IiIoimI  of  iiuM-ulated  animals, 
when  mpidlv  nlried  in  «  ilesiccalor,  retained  its  virulence  for  tnt>nths; 
anil  Kon  found  thai  fresh  rabbit  lihiod,  after  inoculation  ami  cultivation 
in  (he  ineiibutor  for  twenty-four  hours,  wlien  remove<l  at  once  to  a  cool, 
dark  place,  relaineil  its  virulence  for  sixty  days,  'niei-e  are  manv  om- 
ditions,  therefore,  in  which  the  virulence  of  the  microc<K-cns  is  retained 
for  u  considemblc  length  nf  lime.  To  germicidal  agents  pneumorocci 
arc  very  sensitive.  The  fine  .spray  ex[>elled  in  coughing  an«l  louil  speak- 
ing .soon  dries  .so  completely  that  no  pneumococci  usually  sur\-ive  after 
two  liours.    The  .same  is  true  for  dust  that  remains  siis[)ended  in  the  air. 

■  Tlir  vTvm  roUn  pndurtrt  )<f  nil  ptM-amdmrrl  In  lilxxl-iivKr  a>rdJ«.  tiid  khiiirliiy  wipaEtoUy  wvU 
Ib  [NMirni)  tili>i^.<i|pir  pl>t<v  la  tiiit'llaKti>*lli:iiriht««irgati)»m.  ■•■uinF  ilraliwof  ilrPliUwwvl  pmtitcv 
tut  u  intoiiM  k  mNia. 
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P4thoK«aesis  in  AnimaJs.^Most  strains  of  the  micrococctis  lanceolatus 
are  moderately  pathogenic  for  rmiiierous  animals;  nitce  ami  rabbits  are 
the  most  susceptible,  iiitleed  some  strains  are  intensely  virulent  for 
these  animab,  while  puiiica-pigs  and  rata  are  much  less  susceptible. 
Pigeons  and  chickens  arc  refractoPi*.  In  mice  and  rabbits  the  subcuta- 
neous injection  of  small  or  moderate  quantities  of  pneumonic  sputum  in 
the  early  stages  of  the  disease,  or  of  a  twenty-four  hour  ascitic  brotli  cul- 
ture from  such  sputum,  or  of  a  pure,  virulent  ascitic  broth  culture  of  the 
P  micrococcus,  usually  results  in  the  death  of  these  animals  in  from  twenty- 
four  to  forty-eight  hours.  The  course  of  the  (iisease  prwlucecJ  and  tlie 
post-mortem  ap|K'anincrs  Jndicalt'  that  it  is  a  form  of  septicemia — what 
b  known  as  sputum  septica'mia.  After  liijeL-tiun  there  b  loss  of  appetite 
and  great  debility,  and  the  animal  usually  dies  some  time  during  the 
second  day  after  inoculation.  The  post-mortem  examination  shows  a 
local  reaction,  which  may  be  of  a  serous,  fibrinous,  hemorrhagic,  necrotic, 
or  purulent  character;  or  there  may  lie  combinations  of  all  of  these 
conditions.  'Jlie  blood  of  iiiocutati'd  animals  immediately  after  death 
often  contains  the  micrococci  in  verj'  large  numbers.  For  microscopic 
examination  they  may  be  obtaiue<l  from  tlie  hlnod  of  the  veins, 
arteries,  or  cavities  of  the  heart,  and  usually  froiii  the  pleiiml  and 
peritoneal  exudations  when  these  arc  present. 

Tnie  localizeil  pneumonia  does  not  usually  result  from  subcutaneous 
injections  ijito  susceptible  animals,  but  injections  made  tlirough  the 
thoracic  walls  into  the  substance  of  the  lung  may  induce  a  tN-pical 
fibrous  pneumonia.  This  was  first  demonstrated  by  'J'alamon,  who 
injected  the  fibrinous  exudate  of  croupous  pneumonia,  obtained  after 
death  or  dmw^u  iluring  life  fnnn  the  hepatized  portions  of  (lie  lung, 
into  the  lungs  of  rabbits.  Wadsworth  showed  that  by  injecting  virulent 
pneumoeucci  into  tlie  lungs  of  mlihits  which  had  been  immuni/i^d,  a. 
typical  lobar  pneumonia  was  e.Nciled,  the  general  bactericidal  property  of 
the  bloml  being  sullioient  to  prevent  the  general  invasion  of  the  l)acteria. 

Attdnnatlon  of  Virulence. — This  may  l>e  produce*!  in  various  ways. 
The  loss  of  virulence  which  occurs  when  the  micrococcus  is  trans- 
planted through  several  generations  in  culture  fluid  containing  no 
blood  has  already  lieen  referred  to.  An  apparent  attenuation  of 
vindenrr  takes  place  also  spontaneou.sly  in  the  course  of  pneumonia. 
It  has  been  shown  by  daily  pmieture  or  tlie  lung  in  dilTerent  stages  of 
the  pneinnonic  process  that  the  virulence  of  the  organism  diminished 
as  the  disease  progresses,  and  that  the  nearer  the  crisis  was  approached 
the  more  attenuated  it  became.  This  attenuation  is  probably  only 
apparent.  So  many  more  micro-organisms  are  living  in  each  cubic 
centimetre  of  fluid  during  the  early  stages  of  a  pneumonia  that  much 
smaller  quantities  kill.  If  a  little  sptituin  l>e  taken  at  dilTerent  periods 
in  the  disease  and  planteil  in  ascitic  bouillon  the  resultant  cultures  will 
not  vaPr'  gi-ently  in  virulence.  The  average  virulence  of  cultuies  made 
from  pneumuiilc  sputum  is  greater  than  in  those  from  normal  sputum. 

Restoration  and  Increase  of  Virulence. — The  simplest  and  perhaps  the 
most   reliable  method  of  restoring  l(»st  vinilence  for  any  susceptible 
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animal  is  by  passage  through  the  Ircxliefl  of  highly  susceptible  animaU 
rtf  the  same  species.  Growrli  in  fii>sli  MukhI  u1s<i  inen-ases  it  far  the 
hniiHilo^nis  Hniriial. 

Toxin  Production. — ^Ve  have  little  exact  kiK>w]e<^lge  upon  (lie  nature 
of  the  sul>siunces  pnKlueeil  \^y  or  through  the  growth  of  the  pneuiuo- 
cocci  in  animal  tissues  or  artificial  nie<lia. 

Occarr^nM  in  Utn  dttrlng  Health. — It  is  probable  that  in  crow-drd 
nunmiiiiities  the  pneiiiiiofiM-cns  is  present  on  the  murous  membranes 
of  most  persons.  We  have  found  it  generally  pri^sent  not  only  in  the 
throats  of  persons  living  in  New  York  City,  but  also  in  tJiose  of  peivon-s 
living  on  farm-s  uixJ  in  the  .Vlirunilaek  Nlountains.  It  is  commonly 
present  onlv  on  the  mucous  nieniUranes  of  llie  bronchi,  trachea,  pliar.Tix, 
and  uiislrils.  The  healthy  lung  seems  to  be  gi'iiendly  frin*  from  it- 
Judging  from  animal  tests  it  If  verj*  possible  that  the  virulence  for  man 
of  the  organisms  present  in  health  is  uuich  less  than  ihc  virulence  of 
those  in  a  pneumonic  Umg. 

Fresenc«  of  Fnenmococci  in  Lobar  and  Broncbopneomonia. — Fully  95 
per  rent,  of  rliamrteri-stic  cases  of  lobar  piieiioiDuiii  are  due  pritnarilv 
to  churacleri.stir  or  alypiral  pneumococci.  I'Mially  no  other  iaicteria 
are  obtained  from  the  lungs.  At>'jii(al  cases  are  frecpienlly  due  to 
pnemntH-oeci,  but  Ihey  may  be  due  ti>  strepto(HHrl,  inflnenza  ImciUi, 
etc..  The  more  recent  the  infection  tlie  greater  i*  the  nnnil»er  <if  li«c- 
teria  fuiuiil  in  the  diseased  lung  area.  !^  the  disease  progresses  tlwsc 
decrease  in  numl>er  until  finally  at  the  crisis  they  disappear  from  the 
tissues,  though  at  thi.s  time  and  long  after  convalescence  they  may  l)C 
present  in  the  sputum.  In  atypical  forms  of  pneumonia  lliey  may 
remain  longer  in  the  tissues,  and  in  walking  pm-nmouia  they  may  Ite 
alxsent  in  the  original  centres  of  infeotion  or  present  only  as  attenuateil 
varieties,  while  the  snrntnndiikg,  newly  fonneil  foci  may  contain  fully 
virulent  cocci.  It  has  Ijeen  shown  by  Netter  that  more  than  one-half 
of  the  cases  of  bronchopneumonia,  whether  priniar\',  or  seinndarj'  to 
some  other  disease,  us  measles  and  diphtheria,  both  in  children  and 
adults,  are  due  to  the  dlplococcus  of  pneumonia.  Others,  such  ax 
Peart^.  have  found  other  mitrnwji-ganisms.  esi)ecially  the  streplococn, 
in  the  majority  of  cases.  11ie.se  findings  will  be  considered  at  ttte  end 
of  the  chapter. 

The  prieutnococci  ar*'  found  partly  in  iIk'  alveoli  an<l  Immchioles 
of  the  intlanied  lung  and  partly  in  the  lymph  channels  and  bloml  capil- 
laries. Mast  of  the  organisms  are  fiamil  free,  but  a  few  are  found  in 
the  leukocytes.  Through  the  lymph  channels  they  htid  their  way  to 
the  pleura  and  to  adjacent  lymph  glands.  Fmm  tl>e  capillaries  they 
find  their  way  to  the  general  blofxl  current,  and  thus  to  distant  parts 
of  the  body.  In  about  20  [»er  cent,  of  eases  the  pneunio<'occi  anr  w) 
abundant  that  they  can  be  found  in  cultures  made  from  5  to  10  c.c.  of 
blood.    In  a  nnnil>er  of  instances  the  fo^tns  ha.s  been  fonnd  infecteil. 

OcenrT»nca  In  Inflamnutions  Complicating  Pnfttunonia. — In  ever)'  cose 
of  lobar  pnennionia  and  in  intist  i-iuies  of  brnncFiopneutnonia  pleurisy 
18  developed,  which  is  excited  by  the  same  micro-organism  that  wils 
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pretlnminant  in  the  pneitmnnia.  With  pnciimncopci  the  esuriate  is 
ustinlly  moderate  and  of  u  fibrinous  character,  Imi  may  be  more  uliiin' 
dant  ami  of  a  si'rofiliriiioiLs  or  punitont  rharacler.  \^  lipii  the  pleurisy 
is  marked  it  Is  more  apt  to  continue  after  the  cessation  of  the  pneu- 
inuiiiii.  Pleurisy  due  to  piieuuionu-ci  is  nion'  apt  tn  ffii  on  lo  sponta- 
neous recovery  than  that  due  to  streptococci  or  staphylococci. 

The  mast  fre<)uen(  pncuniococclc  infectious  next  to  pleurisy,  following 
a  pneumonia,  are  those  of  the  pericanlium,  endocardium,  and  nienin^s, 
and  these  not  infref|uently  arise  together.  Pneumix^occie  in  flam  mat  ions 
of  the  heart  valves  are  apt  to  he  foljoweil  hv  extensive  nerrasis  and 
growth  of  vegt?tati<in8.  In  thf«e  eases  pneutncK-iK-ci  eau  sometimes 
be  found  in  the  blo<Hl  for  many  weeks.  Pericaniitis  due  (o  pneunio- 
cixvi  U  a  fretjueiit  <*iiinplication,  but  is  usually  very  .slightly  ili-velojKil. 
Meningitis  lUie  lo  pneiniiocDcci  may  l»e  either  fibrinous  iir  pumleut  or 
Iwth.  Arthritis  and  pcriarliirttis  are  rarer  complications  nf  a  piieu- 
mococcic  pneumonia.  Besides  moderate  parenchymatous  InHammalion 
of  the  kidney,  which  occurs  in  most  citses  of  pneunmnia,  well-raarkeii 
inflammation  may  occur  in  which  pneumonx-ci  exUt  in  the  kidney 
tissues  in  large  nuinlwrs.  Osteopiyelitis  and  oliti.s  media  are  not  very 
infrequent. 

How  is  the  piieimioeoeeus  conveye*!  from  its  original  seat  in  the  lungs 
to  distant  internal  organs?  Chiefly  by  mean.s  of  the  bloodvessels  ami 
Ivmphaties,  in  bc^th  of  which  il  has  I«'eiL  found  in  great  numlM*rs.  Proof 
enough  of  its  conveyance  through  ihe  lymphatics  is  tiffonied  hy  the 
frequent  *»ccurr<-nco  of  intbirnnmtions  of  Ihe  serous  membranes  com- 
plicating pneumonia;  hut  two  cai^es  in  particular  liave  Ijeen  reported 
by  Thue  of  pleurisy  and  pericarditis  following  pneumonia  in  which 
the  Ivmph  capillaries  have  lieen  found  lo  be  filled  wilh  tiiplococci.  as  if 
iiijecteil.  't'lieir  iiresenre  in  thi*  bluiHi  afti-nleiith  ha.-;  Iwen  amply  proved 
bv  numenms  investigiilions.  In  inaiiv  instances  they  have  lieen  recovered 
from  the  bloiHi  during  life.  I^audH*rl,  as  a  rule,  found  lliem  in  all  fatal 
cases  twenty-four  to  forty-eight  hours  l»efore  death.  Tliis  examination 
has  considerable  pn>gnt).>tic  value,  as  nearly  all  cases  In  which  the  pneu- 
mococcus  is  found  end  fatally.  'I'his  micnK-occus  has  been  siiown  ex- 
perimentally to  t»f  ca[mhle  nf  producing  various  forms  of  septiaemia— 
local  phlegmonous  inHammations,  peritonitis,  pleuritis.  and  menin^tis. 
A  further  pro<^if  of  tlie  tnuisniission  of  this  organism  by  means  of  the 
blood  is  given  by  Fo.-!  imd  Itorrloni-l'ffieduzzi  in  their  investigatinns 
inti*  intniutrrinc  infei-liiin  irj  piuMiiiionia  uTid  inetiiiigitis.  'Phe-se  inves- 
tigators have  denionstmteii  Ihe  presence  of  the  micrcH-occiis  laiii-eolalti.'i 
in  fetal  and  placental  bhxMl  and  in  the  uterine  sinuses  in  maternal 
pneumoni;i.  There  l>eing  no  question,  therefore,  as  to  the  jaissihility 
of  the  convpyante  of  the  infective  agent  by  means  of  die  blood  and  the 
lymph  to  all  parLs  of  the  body,  we  need  not  wonder  at  the  nniltiplicity 
of  the  aifeelions  complirating  a  pneumonia,  which  are  caused  by  this 
micrococcus;  ami  not  onlv  the  secondar}',  but  also  the  primarj"  diseases, 
as  of  the  bniin  and  meninges,  may  lie  explained  in  Ihe  sanie  way. 
Knowing  that  the  saliva  and  nasal  secretions  umier  nonual  comlilions 
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80  frequently  afford  a  resting  place  for  the  micrococci,  wt  have  only 
to  assume  the  production  of  u  suitable  culture  medium  for  these  para- 
sites in  the  body,  brought  about  by  an  abnormal  condition  of  the  mucous 
membraiie.s  from  exposure  to  cold,  or  n  recluction  of  the  vital  resUting 
power  of  the  tissue  o'lls  in  any  of  the  intenial  organs,  caused  by  disease, 
Irauniatisni,  fxcfsscs  of  various  kintls,  etc.,  to  rouipreliend  readily  how 
an  individual  may  Ijet-onie  infected  with  pneumm-occi,  eitlKT  primarily 
affecting;  the  lungs  ami  secondarily  other  oi^ns  in  the  Inxly,  or  pri- 
marily attnckinfT  the  middle  ear,  the  pericardial  sac,  the  pleura,  the 
serous  lavities  of  the  brain,  etc, 

Piesenco  in  Inflammatory  ProusseB  5ot  Secondary  to  Pneamoni*. — It 
is  now  known  that  the  pneuniocorcus  may  infect  and  excite  di.wase  in 
many  tissitps  of  tlie  brxJy  iiulependeiit  of  any  preliminanr'  localization 
in  the  hnig.  As  a  rule,  these  processes  are  acute  and  usually  nm  a 
shorter  anil  more  favorable  course  than  similar  inflammations  due  to 
the  sireptiicocci. 

Tlie  most  frequent  prinian.'  lesions  excited  by  the  pneumococcus 
after  lobar  pneumonia,  bronchopneumonia,  and  bronchitis  are  probably 
meningitis,  otitis  uie<lia.  cnd<icarditis,  pericanlitia,  rhinitis,  tonstUitis, 
conjmictivilis,  and  keratitis;  scpticiemia,  artliritis.  and  osteomyelitis; 
inflammations  of  the  epididymis,  testicles,  and  Fallopian  tubes;  peri- 
tonitis, etc. 

Pneumococcic  peritonitis  is  not  so  very  infrw|uent.  The  exudate 
is  usually  sei-optinilent. 

Conjunrtivitis  due  (n  pnenniucnit'ci  frcnuently  occurs  in  epidemic 
form  and  is  frequently  associRtc<l  with  a  rhinitis. 

From  statbtics  coUecte*!  by  Xetler  the  following  pen-enlages  of 
diseases  were  caused  by  (he  pneumococcus: 

Hneuronnis 05.9  [>errenL.  in  wIiiIih- 

Bronctiopnruuionia 15  S        "  " 

Meningitis 13  0        '• 

Enprcma 8.6        ■' 

Olttii  nwdit 2.4        <•  •' 

Endoardilia l.S        "  " 

In  46  consecutive  pncumococcns  infections  in  children  there  were: 

Olilis  mfdiH 29  cue*. 

BninL-liMpfKuiuoatR IS     " 

Meaingiiii 2     *■ 

Pueiinionis 1     " 

I'le«rUy I      " 

IVrioftnlilli I      " 

The  pneumococcus  ami  slreptocfK-cus  are  the  two  most  frequi 
organisms  fotmd  in  olilis  media.  The  ruses  due  to  the  pnenntococciis 
am  apt  to  run  the  shorter  course,  but  have  a  tenilency  to  spread  In  ihe 
meninges  and  cause  a  tueningitis.  'ITie  pneuuiococd  may  abo  find 
their  way  into  llie  blood  current. 

In  bronchitis  the  pneumococcus  is  frequently  met  with  alone  or  in 
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comhinatioii  with  the  streptococcus,  the  influenza  I>acillus,  or  other 
bacteria. 

Id  certain  epidemics  pneuniococcic  bronchitis  and  jmeunionia  simu- 
late influenza  very  closely  and  cannot  be  dilVcrentlaled  except  by  l)ac- 
teriolupcal  examinations. 

Priman'  pneuniococcic  pleurisy  is  frequent  in  children;  it  is  very  often 
purulent,  hut  may  he  serous  or  serofibrinous.  Its  profinosis  i.s  better 
than  that  in  ouswi  due.  to  other  organi.sius.  Fre(]iu'iitly  we  have  strep- 
tococci and  staphylococci  associated  with  the  pneumocticci. 

Tarieties  of  the  Pneamocoecus.^As  Hiiioiig  all  other  iniciti-orptiiUms 
muuitely  studied,  difTerent  stniins  of  pneuniococei  show  ipiite  n  wide 
range  of  variation  in  niorpUolopy  and  virulence.  Some  of  the  variations 
are  so  marked  and  so  constant  that  they  make  it  necessary  to  recognize 
several  distinct  varieties  of  the  pneumococcus,  and  to  cla.ss  as  pneumo- 
cocci  certain  varieties  which  have  before  this  been  dn-ssed  as  strepto- 
cocci— r.  g.,  the  so-called  xlrfiptwaccwt  muctmiix  ntj^Hulitiux  {ntrepliia>fcitji 
■mucoHtut  SchottmUller),  when  first  isolated  from  pneumonic  exuilute  or 
cbiewliere.  and  planteil  on  artificial  culture  media  cotitainin^  senitn, 
grows  as  a  rounded  coccus  with  a  small  dense  dLslinct  capsule,  princi- 
pally in  short  or  medium  chains;  ii  ])roduces  a  lai^-  amount  of 
mucus-like  zooglia,  fornniig  verj'  InrRe  spreading  colonies;  it  pwniptly 
coagulates  fluid  scrum  mc^<lia  containing  itmlin.  It  is  also  verk*  vinilcnt 
for  mice,  but  only  moderately  virulent  for  rabbits.  .Vfter  a  numVier  of 
culture  generation*  on  ordinary  nutrient  agar  it  apparently  loses  most 
of  these  characteristics.  It  then  grows  in  .small  colonies  principally  as 
naked  diploeix'ci  wlii:'h  may  l»e  elongateil  and  [Miinletl,  pnidurcs  no 
zooglia,  and  loses  most  of  its  vinilence  for  mice  and  rabbits.  It  still 
enagulates  intilin  sennn  nicdia,  iuh\  when  truiisferivd  to  sertmi  nieilia 
regains  its  former  morjiholoRica!  cliarucleristics.  For  these  reasons  we 
[Consider  (his  organism  a  distinct  variety  of  the  pneumococcus.  This 
variety  of  pncumocwcus  has  heeu  isolated  by  us  from  the  lungs  after 
death  following  lobar  pneumonia,  out  of  twenty  consecutive  autopsies, 
as  the  only  organism  present  twice,  and  with  another  variety  of  pneu- 
mococcus once.  Togellier  with  oilier  varieties  it  wjis  isolate<l  from 
four  out  of  twenty  speimen.s  of  pneumonic  sputum,  and  from  sixty 
specimeiLS  of  normal  throat  seen-tion  five  limes. 

Another  group  of  pneumococci  quite  constantly  produces  lai^  forms 
and  large  capsules.  Still  another  group  pro<luccs  principally  small 
forms  and  small  capsules.  jVnother  group  might  Ije  made  of  morpho- 
lo^cally  typical  pneumococci  which  do  not  coagulate  inulin  serum 
media. 

Tfnmnnity — Karlv  in  the  history  of  this  organism  experiments  were 
begtui  for  the  production  of  imnumity  in  animals  by  means  of  preventive 
inoculations.  Later  it  wa.s  found  that  after  succes.sive  injections  of 
gnidually  increasing  doses  of  vlnilent  pneumococci  into  certain  animals 
(horse,  sheep,  goat,  rabbit),  a  serum  of  some  protective  and  curative 
power  in  experimental  animals  was  obtained.  The  mode  of  action  of 
this  serum  is  still  the  subject  of  study.    According  to  Wright,  Neufeld, 
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nnrl  others,  its  Hcttvit}*  is  due  to  the  presence  of  certain  siilxstancrs 
rallerl  opsonins  (Wrightl.or  hnrtcriotropir  substances  fNeufeli}  .  which 
act  oil  the  hacteria  in  such  a  way  as  to  prepare  them  (or  ingestion  by 
tlK'  [>hHgofytcs. 

Agglntination  Raaetiona.—  It  has  Iteen  shown  that  the  specific  serum 
olttaitu^l  l)v  tin-  Hhnvc  iiietlioil  niav  ctuitain  a  coiisitlernhle  (piaiitity  of 
a^frlutinaliii^  sub:>tHnci.s  for  the  stniin  of  pneiiinoc-oec-us  iniM-uhiltHl  anrl 
for  certain  other  stmihs,  htit  not  for  ail.  In  the  case  of  the  ptirunui- 
eoecus  muco9u«  (gtreptoccccttjn  mucosun  Schottmiiller)  we  have  found 
that  all  of  the  strains  tested  hy  U'l  were  ii^^rhittiiated  in  hiph  <)ilutiDn:i 
in  the  serum  obtained  ufler  the  inmulnlion  of  one  strnin. 

Therapeutic  Experiment*. — The  nuuilKT  of  rnses  reported  in  which 
the  bUjod-.'^erutii  of  aniniuls  artificially  ininiuni'/ed  against  pneumonic 
infection  has  Iteeii  used  for  the  treatment  of  the  rliseaae  in  human 
bcinp^,  although  numeruns  has  not  led  to  the  formation  of  ii  definite 
opinion  as  1o  the  final  vahie  of  tliis  as  a  tlierapeutic  apent.  In  (he  cases 
wc  have  ohsen'ctl  there  has  tieen  in  some  a  slight  inimcdiuic  lowering 
of  the  temperature:  in  others  no  apparent  change.  As  a  nile.  the  cases 
did  rather  Itetter  than  was  ex]M>c-teij,  but  certainly  no  striking  curative 
effects  were  iipparenl.  The  c-ases  tlid  not  cievelop  pneumococcus  blood 
infection,  and  it  seems  probable  lliat  the  senim  may  V»e  able  to  prevent 
a  gt'iieral  iiifeclioii  frotn  taking  place  from  the  tllseaseii  lung,  even 
ihiiugh  il  may  fail  to  irdliieiice  the  local  pn»cess.  It  has  also  licen  shown 
that  these  injections  of  antipneumococcic  serum  are  practically  harmless. 
In  pncnniitcocciis  septlcirmia  nn  marked  results  have  lieen  seen.  The 
majority  who  receive<l  the  injections,  as  well  as  thoiie  not  receivu 
ihcm,  died. 


The  Pneumobacillus  of  Friedlander. 

This  bacillus  discovered  by  Fried  binder  (t8S3)  is  now  known  to  occur 
fre(]uently  as  a  mixed  infection  in  cases  of  phthisis,  librinous  pneumonia, 
and  in  rare  instances  as  the  only  exciting  factor  in  pneumonia.  It  is 
aUo  not  infrequently  found  in  the  mucous  membmnes  of  the  mouth 
antl  air  pii.ssages  of  lieiiltfiy  indivirhiabi. 

Morphology. — Short  bacilli  with  rounded  ends,  often  resembling  micro- 
cocci, esjiecially  in  m-eiil  ctdtures;  commonly  united  in  pairs  or  in 
chains  of  four,  ami,  under  certain  circumstances,  surrtjundcd  by  a  trans- 
parent capsule.  This  capsule  is  not  seen  in  preparations  made  from 
artificial  culture  inr^lia.  but  is  visible  in  well-staineil  prepamtions  from 
the  blood  of  an  inoculate<l  animal. 

Friedliimler's  bacillus  .i/atri.4  readily  with  the  aniline  c<dors,  but  is  not 
stainetl  by  (iram's  methixl. 

Biology. — An  aerobic,  non-motile.  non-lir|uefying  bacillus;  also  facul- 
tative anaerobic;  does  not  form  spores.  In  gelatin  stick  cuiturm  it 
presents  the  "  nail-shaj>ed"  growth  first  ilescriliwl  l»y  Fnwll.'indcr.  which 
is  not,  however,  peculiar  lo  this  bacillus.  Gas  bubbles  occasionally 
develop  in  gelatin,  and  in  old  cultures  the  gelatin  accjuires  a  distinct 
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brownish  c*>lorBlion.  This  lalter  characleristic  ilislingiiishes  the  growlh 
of  this  liaciUiis  from  that  nf  the  bnciUiis  ui-rogenes.  which  is  otherwise 
very  similar  to  i(  tuorpholujrically  ami  oultiimlly.  On  gelatin  plates 
colonies  appear  nt  (he  eml  of  twenty-four  hours  as  small  white  spheres, 
which  rapitllv  inert-as*  in  sizt'.  These  colonics,  when  examined  by  a 
low-power  lens,  present  a  somewlinl  Jrrefjular  outline  and  a  sHphtly 
praniilar  appeaninc*.  The  f^rowth  on  agar  is  in  quite  large  and  moist 
grayish  rolonips.  On  btood  scrum  abundant,  prayish-white,  viscid  masses 
are  developeil.  The  g^n)wth  on  ptifufo  is  luxuriant — a  thick,  yellowish- 
white,  glistenitij;  layer  rapidly  covering  the  entire  surface.  Mi!k  is  not 
coapilated.  Imlnl  \s  [Jn^ihiwd  in  bouillnn  or  peptone  sohjtinus.  Milk- 
sugar  and  glucose  arc  fermented.  Growth  occurs  at  16°  to  20°  C,  but 
is  more  rapid  at  37°  C. 

Fathogenesis. — Fried  hinders  bacillus  is  pathogenic  for  mice  and 
piinca-pigs.  less  so  for  dogs,  and  rahhils  are  apparrntly  immune.  On 
aiit<ipsy  after  death  due  to  inoculation  into  the  lungs,  the  pleural  cavities 
are  fmmd  to  contain  a  seropurulent  Hiiid.  the  lungs  are  intensely 
conge.ste<l,  and  in  places  show  limited  areas  of  red  liepatization ;  the 
spleen  is  considerably  enlargcil,  ami  bacilli  are  pre.sent  in  the  lungs, 
tiie  pleuritic  fhiid,  and  the  b]oo<l. 

Friedhindei's  bacillus  has  biru  found  in  man.  not  only  in  patients 
suffering  from  croupous  pneumonia  and  other  respiralort-  diseases,  but 
also  in  healthy  imIividuaU.  and  in  the  outside  world.  Nctter  observed 
it  in  4.5  per  cent,  of  the  rases  examined  by  him  in  the  saliva  of  lieallhy 
imlivi<luals.  and  Paiisini  in  cases  of  pulmonary  tuberculosis  in  the 
flputum.  Friedl.'intler  believed  that  the  haciUus  descrilx-d  by  him  was 
the  s|jeciiic  cause  of  cr()U[>ons  pneumonia;  but  in  129  cases  examined  liy 
Weichselbaum  this  bacillus  was  found  in  only  0;  of  7(J  cases  examined 
by  Wolf  only  3  showed  the  presoni'c  of  Kricdliiniler's  pneumobaciUus. 
It  is  evident,  tlierefore,  that  though  this  micro-oi^inism  may  Ik*  con- 
cerned in  the  prtMhiction  of  certain  forms  of  the  disease,  it  is  not  the 
specific  c«u.se  of  croupous  pneumonia.  The  cases  which  are  due 
primarily  to  the  pncuraobacilhisaredistinpiiishcd.acconlingto  Weichsel- 
bauni  and  Netter,  by  their  peculiarly  malignant  type  and  by  the  viscidity 
of  the  exudate  produced.  This  bacillus  is  also  probably  concerned, 
primarily  or  secomlarily,  under  certain  circumstances,  in  the  prodiiclioo 
of  i»!euri.sy.  abscess  of  the  Itings,  pericanlili.s,  endocarditis,  otitis  media, 
and  meningitis,  in  all  of  which  diseases  it  has  at  times  been  found  to 
be  present. 


CHAPTER   XXVI. 

MENINGOCOCCUS  OR  DIFLOCOCCUS  (MICROCOCCUS)  IXTRACEL 

LULARIS  MEVINGITIDTS,  AND  THE  RELATIOX  OF  IT  AND 

OK  OTHER  BACTERIA  TO  MENINGITIS. 


Tk  the  description  of  the  diplococcus  of  pucutuuuia  refprence  was  inadt* 
to  this  organism  as  the  most  frequent  cause  of  Isolated  cases  of  meningitis, 
especially  when  it  coiuplicnteu  pneuriioiiia.  In  1887  "Wi-ichsolbaum 
discovered  another  micrococcus  in  the  exudate  of  cerebrospinal  menin- 
gitis in  six  cases,  two  of  which  were  not  complicated  by  pneumonia.  He 
obtained  it  in  pure  cultures,  studiefi  its  characteristics,  and  showed  that 
this  organism  was  «!learly  distingiiistnible  fmin  the  micrococcus  lancvo- 
latus,  and  especially  bv  its  iisiihI  presence  in  the  interior  of  pus-cells, 
on  which  airouiit  lie  rHUed  it  liijtfttcurmM  itiiTitfcUularia  mniiuyitiiiiM, 
The  frequency  of  the  occurrence  of  this  diplococcus  in  meningitis  and 
its  almost  complete  restriction  to  this  diseuse  afTurds  sufficient  evidence 
for  the  assumption  that  it  was  concerned  in  its  production.  In  1895 
Jaeger  and  Schcuix'r  bclievcfi  Ihcy  found  it  in  the  nasal  secretions  of 
eighteen  living  persons  suffering  from  this  disease  during  an  epidemic. 

It  seems  very  probable  that  in  most  cases  of  primary  meningitis  it 
is  from  the  mueou.s  membrane  of  the  nasal  cavities  and  the  sinuses 
opening  out  frnni  tlieni  that  both  the  iliphHiiccus  of  pneumonia  and 
the  micrococcus  intracelhdaris  fin<l  their  way  through  the  lymph  chan- 
nels to  the  meninges.  The  former  we  know  to  !«•  almost  eonstwnll? 
present  in  the  nasal  cavities,  and  the  latter  we  have  reason  to  believe 
IS  not  infrequently  there.  The  prevalence  of  epidemics  in  winter  and 
spring,  a  time  favorable  to  influenza  and  pneumonia,  also  sufg^ts  the 
respiratory  tract  as  the  source  of  the  infection  and  the  place  where  an 
increase  in  virulence  takes  place.  We  do  not  as  yet  know  why  menin- 
gitis folldws  in  some  j>enon8  and  not  in  others  after  infection  of  the 
nuicuus  membranes. 

The  nieningneoccus  dies  readily  when  dried,  so  thai  we  seldom  inhale 
it  except  in  rooms  occupied  by  those  infected.  Such  [icrsons  and 
tilings  recently  soiled  by  iheir  nasal  secretion  are  especially  dangennis. 

Morphology. — This  organism  occurs  as  biscuit-shaped  micrococci, 
usually  united  in  pairs,  but  also  in  groups  of  four  and  in  small  mas-ses; 
sometimes  solitary  and  small  degenerated  forms  are  found.  Cul- 
tuna  resemble  .vtrongly  those  of  ponococci  (see  titr.  HI).  In  cultures 
more  than  twenty-four  hours  old  larger  and  smaller  forms  occur  and 
some  which  stain  poorly.  These  are  involution  fomia.  In  the  exu- 
dation, like  the  gonococcns.  to  which  it  bears  a  close  resemblance  in 
form  and  arrangement,  it  is  distinguished  by  its  presence,  as  a  rule. 
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within  the  polynuclenr  leukocytes.  It  never  appears  within  the  nucleus 
tuifi    rarely   within  other  cells  (Fig.   HO). 

Staining.— Tt  slatn:f  with  all  the  onlinary  aniline  colora.  but  bejjt  witli 
LoeflSer's  methylene  blue.  It  is,  as  a  rule,  readily  decolorized  by  Gram's 
solution.  Some  orpaiiistns  in  many  cultures  are  more  resistant  than 
others,  but  none  jipe  <lefinitelv  tJram  positive.  It  is  almost  certain 
that  the  positive  cotTi  which  have  been  described  os  meningococci 
an*  really  onntaminAting  orgaiiLsnis. 

Biology.— It  grows  between  2n°  and  40°  C,  best  at  about  aLS**  C,  and 
its  development  is  usually  scanty  on  the  surface  of  nutrieril  agar,  but 
sometimes  a  few  colonies  j^row  quite  vigorously.  Now  and  then  cultures 
grow  at  23"  C.  or  slightly  less.  It  grows  scarcely  at  all  in  bouillon, 
and  scantily  in  bouillon  plus  one-third  bloo<t  serum.  It  develops  com- 
paratively well  on  Ixwffler  s  Mood-serum  medium  as  used  for  diplitheria 
cultures,  and  on  blood  serum  or  ascitic-iluid  agar. 

Fir..  110 


nr4ococci]«li)ii*i'>Miii»ii>iiiriiitiiiitiiii*.    ^  not] dlanidera. 

Of  llie  usual  sugars  the  meningococrus  ferments  dextrose  only  and 
even  tins  not  sullioicnily  to  coagulate  the  serum  UK'dia.  It  grows  on 
6  per  cent,  glycerin  agar  as  well  as  on  plain  agar. 

When  grown  on  nutrient  agar  or  glycerin  agar,  a  tolerably  good 
growth  develops  at  the  end  of  forty-eight  hours  in  the  inaibator.  This 
appears  as  a  Hat  layer  of  colonies,  about  one-eighth  of  an  inch  in 
diameter,  grajish-whiie  in  color,  finely  granular,  rather  vLsctd,  and  non- 
confluent unless  very  rUxse  together.  On  LoelHer's  l>Iooil  senim  the 
growth  forms  round,  whitish,  shining,  viscid-looking  colonies,  withsniooth 
and  sharply-defnied  outlines;  these  may  attain  iliamcters  of  one-eighth 
to  one-sixteenth  of  an  inch  in  twenty-four  hours.  The  colonies  tend  to 
become  confluent  and  do  not  liquefy  the  scrnm.  From  the  spinal  Huid 
in  acute  cases,  where  the  organisms  are  apt  to  be  more  abundant,  a 
great  many  minute  colonies  may  develop  instead  of  a  few  larger  ones. 
On  agar  plates  the  deep-lj-ing  colonies  are  almost  invisible  to  the 
naked  eye;  somewhat  magnified  they  appear  finely  granular,  with  a 
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dentateil  iKtnlcr.  On  the  surface  they  are  lai^r,  apf>eariiig  as  pale 
disks,  uhnnst  trnTi^pareiit  at  the  ed^s,  but  more  compuct  towanl  l\» 
centres,  wh'wh  are  }'cIlowisli-(iniy  in  c<>lor.  On  blootl  agar  or  serum 
agar  the  growth  is  much  more  luxiirianl  than  on  plain  agar  and  lar^r 
than  the  gonococcuii.  Not  iiiriv(|iieii(ly  no  growth  is  obtained  when 
ihf  ttrebrcspiiial  Huid  containing  ihi'  <itplococci  is  placed  on  plain 
agar,  ami  in  rare  ULStances  no  gn)wth  ap{}ears  when  serum  agar  is 
iiseii.  Cultivated  in  artiticiiil  mwJia  while  it  often  lives  for  weeks,  it 
may  die  within  four  days,  and  requires,  therefore,  lo  Ije  tmnsplaiiled 
to  fresh  material  at  sliort  intervals — at  least  every  two  days. 

Rasislaac^ .  —  I F  is  readilv  killol  bv  heat,  ^iiidight,  and  drving. 

Patbogenesis. — This  oi^nisni  tloes  not  show  markeil  pathogenic  power 
for  adiili  animals.  I(  is  nuisl  pathogcnie  for  mice  and  guinea-pigs,  \ess 
so  for  rabbits  and  dogs.  Subcutaneous  injections  in  animals  when  large 
cau.sc  death;  intrapleural  or  intraperitoneal  inoculations  in  mice  and 
guinea-pigs,  when  given  in  hirge  doses  (yV  to  A  of  a  blood-senun  cul- 
ture), are  nsiially  fatal.  Intravenous  injections  in  rabbits  have  caused 
the  death  of  the  animal,  but  no  inerease  of  diplocoeci  in  the  blootl  or 
ell  a  mete  ris  tic  patholugiad  changes  have  Ijeen  found  as  a  result  of  the 
injertions. 

When  miee  are  inncnlaled  into  (he  pleural  or  |>critnneal  cavilirs  tl»ey 
u.suiilly  fall  .sick  and  die  within  thirty-.six  to  forty-eight  hours,  showing 
slight  fibrinoptinilent  exudation.  In  the  blood  and  enlarged  spleen 
dipl(H'o<Ti  are  founil  in  small  numbers  and  mctstly  free;  in  the  pleuritic 
exudation  they  are  present  in  eoiLsiderable  cjuantities,  less  so  in  the 
peritoneal  fluid,  but  then  occurring  in  the  interior  of  pus  cells. 

Certain  experinierts  nuule  by  Weichselbmiui  on  ilogs.  though  not 
entirely  successful,  are  inlewsling  as  showing  the  similarilv  of  the  disease 
producivl  in  tlii'in  arfiricially  with  meningitis  as  <Krurring  in  niaii.  The 
three  dogs,  trephined  ntitl  intwuhiled  stibdurally  with  0.5  to  2  c.c.  of  a 
fresh  culture,  all  died :  No.  1  within  twelve  hours.  No.  2  in  three  days. 
and  No.  ',i  in  twelve  days.  In  Nos.  1  and  2  there  were  found  hypenemia 
of  the  meninges,  with  intlammatory  softening  of  the  brain  at  the  point 
of  inoculation,  which  on  nearer  inspection  pntved  to  lie  a  true  encepha- 
litic  proce.is.  In  dog  No.  2,  in  which  the  di.sca.se  was  of  longer  flurution. 
these  changes  were  the  most  pnmounced.  Numenms  diplococci  were 
olwerveii  in  the  sections  removed,  fnr  the  most  part  free,  but  some  few 
within  the  nus  cells.  In  ilog  No.  li,  in  which  the  disease  lasted  twelve 
days,  a  thick,  n^ldisb,  pnndont  liipiid  was  found  l>etween  the  dura  maler 
and  die  bniin  at  the  point  of  inix-ulation;  iu  the  brain  itself  an  altseess 
had  fornicd.  aijouT  the  size  of  u  hazel-nut,  filled  with  tough,  yellow  piu, 
while  the  aliscess  walls  consisted  of  softened  brain  substance  infiltrated 
with  numerous  hemorrhagic  tiepasits.  'llie  ventricles  on  that  side 
contained  a  cloudy,  retldish  Huid.  with  flocks  of  pus;  hut  no  diphicocci 
could  l>e  demonstral^'d  in  (lie  IiKhk!  or  exudations.  In  onr  experiei»ce 
injeclinn  of  a  recent  culture  into  the  spinal  canal  of  very  young  puppies 
is  regiiUrly  followtxl  by  the  results  noted  by  Weiehselbaum.  Such 
effects  are  not  observed  in  older  dogs. 
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PRESKNCE  IN  THE  NaSAL  CaVITY  OF  TllE  SiCK  AND  TIIK  \Vkl1„— In 

t  of  his  6  cases  Weichselbaum  succeeded  in  obtiiining  in  pure  culture 
diplococci  from  the  nasal  secretion.  Scheiirer,  in  his  IS  ciises,  found 
the  diplococci  in  the  nasal  secretions  of  all  of  them  during  life.  In  50 
heahliy  ini[ivi<luals  exflniiiie(i  they  were  fnund  in  the  niisal  serrelions 
of  onlv  two,  one  U^ing  a  man  sutTering  at  the  time  from  a  severe  cold. 
This  man,  it  is  interesting  tn  nute,  had  Iweii  cngHpcil  in  liisinfcciinjj  a 
room  which  had  previously  l)een  occupied  by  a  patient  with  cerehrcf- 
spinal  meningitis.  Lately,  there  has  ln-en  a  tendency  to  throw  doulit 
on  these  Hndinjjs.  but  from  our  ixperience  in  llie  recent  epidemic  iu 
New  ^'ork,  one  ran  state  that  the  meninpoctK-ci  are  usually  pn'sent  in 
great  numbers  in  the  nose  and  nasophan'iix  in  most  cases  of  menin- 
gitis ilnr  ng  the  first  twelve  days  of  iHness.  After  the  fourteenth  day 
they  (annot  usuhIIv  be  found.  In  one  ease  floodwin  of  our  laboratory 
ohun'ned  them  on  (■  e  .Hlxly-seveMth  day.  She  also  fonnil  them  in  five 
persons  out  of  si.xtv  tested  who  hml  been  in  close  e^jutaet  w  ith  the  sick, 
and  in  two  of  fifty  medical  students, 

CoMi'iJCVTiNO  iM-F.tTioNs.^Occa.sinnnlly  we  find  secondan.'  to  the 
cerebrospinal  uienin^ilLs,  and  due  to  the  micrococcus,  inflaminations  of 
nasal  cavities  and  their  accessory  sinuses,  also  catnrrhat  in6an3rnntions 
of  the  middle  ear.  acute  bronchitis,  anrl  pneumonia.  The  absolute 
determination  of  the  identity  of  the  micrococcus  found  in  these  con- 
ditions has  not  In^en  established.  s(>  that  the  above  complications  can 
only  l>e  consitlered  as  probably  due  to  this  organism. 

Kxei'pl  in  cases  nf  nii'iiingitis  die  nncnictM'cus  ha.s  liceii  uUsiilnlely 
identified  only  in  cases  of  rhinitis.  Several  oMer^'ers  believe  they  have 
found  it  in  tlie  diseases  mentioned  above  as  occftsionally  complicating 
menin^tis. 

Mkninuo:  (K(i  IN  TRK  Bi.ool*.— Elscr  in  forty  cases  examined 
during;  the  early  days  of  itie  discjise  found  them  in  leu. 

At;<Ji.rTiN\Tio\  <*nAU\tTKRisTics. — Meningococci  are  agglutinated 
in  dilutions  of  the  blood  sennn  of  animals  immunised  to  any  true 
culture.  As  a  rule  dilutions  higher  than  1  :  40  do  not  give  reactions. 
In  the  second  and  third  weeks  of  disease,  agglutinution  in  1  :  ID  or 
higher  ilihitlons  of  sennn  mav  be  nbtiiined. 

Skklm  Tukatment.— The  use  of  specific  or  other  sera  has  not 
proven  of  value. 

Bact«riotofficaI  Diagnosis.^ By  means  of  lumbar  puncture,  fluid  can 
readily  be  obtaineil  from  the  spinal  canal  without  danger.  The  skin 
must  be  thoroughly  cleansed  and  the  needle  aseptic.  The  fluid  should 
be  placeil  in  a  sterile  conical  gla^s  lo  settle.  The  setlimeut  should  l>e 
used  to  make  smears  to  examine  (1)  for  pus  cells,  (2)  for  tubercle 
bacilli,  and  (3)  for  other  orj;anisni.s.  By  Oram's  stain  we  are  able  to 
separate  the  three  Gmm-positivc*  organisms  met  with  in  meiungitis 
(pneumococcus.  streptococcus,  and  staphylococcus)  fnmi  the  others. 
Of  importimce  also  is  (he  point  that  the  micrt>coccus  intracelhilaris 
is  usually  inside  tlie  leukocytes  in  the  fomi  of  diplococci  of  vaPr'ing 
size,  of  coffee-bean  shape,  or  of  tetracocci,  while  the  pneumococcus  is 
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frequently  outside  the  cells  and  is  usually  spbericAl  or  lancet-eliaped 
iinH  frequently  occtirs  in  short  i-haiii-s.  Sometimes  the  Iwcteria  are 
present  in  ven' small  numbers,  and  then  many  smears  must  be  looked 
tlirough  before  a  probable  diagnosis  can  be  made.  In  all  cases  absolute 
certainty  ran  only  Iw  obtained  through  cultures.  Here  plain  nutrient 
agtir,  serum  agar,  and  blood-a^^ar  plates  should  !»■  made,  and,  tf  desired, 
tulies  also.  When  considemblo  quantities  are  innoulated  upon  these 
media  and  meningocticci  are  present,  as  a  nde,  a  greater  or  less  number 
of  colonies  ha\*iu^  the  characteristics  already  described  will  develop. 
The  value,  clinically,  of  the  examination  Ls  that  about  40  per  cent,  of 
the  cases  due  to  this  coccus  recover,  while  almost  all  of  those  due  to  the 
pneumococcus  and  streptococcus  die. 

In  many  ca-st-s  there  are  very  few  diplococci  present  in  the  spinal 
fluid,  so  that  A  faihire  to  find  them  m  a  microscopic  examituition 
should  nut  lie  taken  to  prove  that  the  discas*-  was  not  due  to  this 
organism.  For  cultures  a  considerable  amouid  of  fluid  must  I*  used, 
for  we  have  found,  as  described  by  Councilman  an<i  others,  that 
there  may  be  very  few  living  diplococci  e^-en  in  I  c.c.  of  lluid. 

To  obtain  the  fluid  the  patient  should  lie  on  the  right  side  with  the 
knees  dfawn  up  and  the  left  shoulder  depressed.  The  skin  of  the 
patient's  l>ack,  the  hands  of  the  operator,  and  the  large  antitoxin 
syringe  should  lie  sterile.  The  needle  should  be  4  cm.  in  length,  with  a 
diatiietcr  of  I  mm.  for  children,  and  longer  for  adults. 

The  puncture  Is  generally  made  between  the  thin!  and  fourth  lumbar 
vertebne.  The  tbundt  of  tlw  left  hand  is  jiressed  l>elween  the  spinous 
processes,  and  the  point  of  the  needle  is  entered  in  tJie  median  line 
or  a  little  to  tlic  right  of  it,  and  on  a  level  with  the  thuml>-nail,  and 
directed  slightly  upward  and  inwanl  toward  the  median  line.  At  a 
depth  of  3  or  4  cm.  in  children  and  7  or  8  cm.  in  adults  the  needle 
enters  the  subarachnoid  space,  and  on  withdrawing  the  obturator  the 
fluid  flows  out  it)  drops  or  in  a  stream.  If  the  ne«lle  meets  a  bony 
obstruction  withdraw  and  thrust  again  ratlier  than  make  lateral  move- 
ments. Any  bloiHl  oKscun's  the  inirnisc-opic  examination.  Tlie  fluid 
is  allowed  to  drop  into  absolutely  sterile  test-tultes  or  vials  with  sterile 
stoppers.  From  5  to  15  c.c.  should  l)e  withdrawn.  No  ill  effects  have 
been  observed  from  the  operations.  tJn  the  i-ontrary  the  relief  of 
pre.i.sure  fre(|uently  produces  Ix^neficial  results. 

Orguiiimi  Exciting  Meningitis. — 1.  The  pneumococcus.  This  diplo- 
coccii.s  is  one  of  the  mo.st  frequent  exciters  of  meningitis,  not  only  when 
it  is  a  prinmry  disease,  but  also  when  it  is  secondaty  to  a  pneumonia, 
otitis,  ete. 

2.  The  strep'ococcuji  pyogenes  and  the  niaphtthtnuvus  pyogenes. 
Meningitis  due  to  these  organi.sm$  is  almost  always  .secondar}'  lo 
some  other  infection,  such  as  otitis,  tonsillitis,  erysipelas,  endocanlilis, 
suppurating  wounds  of  scalp  and  skull,  etc. 

3.  The  bacillus  injivenzi.  Numerous  doubtful  reports  have  been 
published  of  the  presence  of  influenza  bacilli  in  the  meningeal  exudate. 
Those  that  are  reliable  state  in  almost  everj*  instance  that  the  menin- 
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gitia  13  secondary  to  infection  of  the  lungs,  bronchi,  the  nasal  cantiea 
or  their  accessary  sinuses. 

4.  The  co/ort  baciUiiit,  the  typhoid  baciUu.t,  that  of  bubonic  ptaytir  and 
of  glanders,  all  may  cause  a  coDiplicating  punilent  n>eningitis. 

5.  In  isolated  rases  of  meningitis  complicating  otitis  media  and  other 
infections,  other  bacteriu,  such  iis  the  micrvcucnut  tctratjenus,  the  baeillus 
pyoeyaneuHt  etc.,  may  be  found 

Micrococcus  Catarrhalis  (R.  Pfeiffer). 

Micrococci  somewhat  resembling  meningococci  are  found  in  the 
mucous  nwinbrancs  of  (In-  respiratory  Inicl.  They  are  l>elievrd  at 
times  lo  excite  cntarrhtil  inHnmniution  of  the  mucous  menil.inines. 
These  are  at  present  included  under  the  designation  of  micrococcus 
catarrhalis. 

Microscopic  Appearanca. — They  usually  occur  in  pairs,  sometimes  In 
fonts;  never  in  chains,  'i'he  cocci  are  t'oirt-e-lhejin  in  shape  and  slightly 
larger  than  the  gonococcua,  and  are  negative  to  Gram's  stain. 

Tlie  micrococci  are  not  motile  and  produce  no  spores. 

OnlUvation.— They  grow  between  20^  and  40°  C,  best  at  37*  C.  and 
less  rapit!!y  at  soniewlmt  lower  temperatures.  They  develop  on  ordiii- 
arj'  nutrient  agar  as  grayish-white  or  yellowish-white,  circulnrcolonies  of 
the  size  of  meningococci.  The  borders  of  tlie  colonies  are  irregular  and 
abrupt  as  though  gouged  out.  They  have  a  mortar-like  consistency. 
l)n  serum-agar  media  the  growth  is  more  luxuriant.  Gelatin  is  not 
lifpiefietl.  Bouillon  is  clouded,  often  with  the  develupment  of  a  jielliele. 
Milk  is  not  coagulated,  but  dextrose  serum  malia  may  be.  Gas  is  not 
pHxluced. 

Location  of  Organisms. — In  tlie  secretion  of  nonnal  raucous  meni- 
brunes  they  are  occa-sionally  [iresent.  In  certain  diseusni  conditions  of 
the  mucous  nieinbram'-s  they  may  be  abundant. 

Pathogenic  Effects  in  Animals. — For  \vhite  mice,  guinea-pigs,  and 
rabbits,  some  cultures  are  as  pathogenic  as  meningococci,  while  others 
are  less  so. 

Differential  Points  Separating  them  from  the  Ifoningococci. — Tiiese 
organisms  have  iiiHloiibtedlv  been  iit  times  confused.  Some  assert  thai 
the  meningococci  gruw  only  alj<»ve  2.')°  C.  Many  cnnl  cultures  of 
meningococci  grow  lielow  this  point.  Some  assert  that  the  meningo- 
cocci will  not  grow  on  '>  per  cent,  glycerin  agar.  Many  undoubted 
culture.?  do,  'i'he  probability  is  that  the  organisms  described  by  dif- 
ferent writers  as  micrococcus  catarrhalis  were  not  all  the  same  variety, 
and  9ome  of  tl*em  were  meningococci. 
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THE  GONOCOCCUS  OR  MICROCOCCUS  GONORRHtE.fi— THF- 
DUCREY  BACILLUS  OF  SOri"  CHANCRE. 

The  pericxi  at  which  gonotrhwa  bcpin  to  afflict  man  is  unknowii. 
The  earliest  n'cords  make  mention  of  it.  Except  for  a  peritKl  after  tJie 
fifteenth  century-  it  was  generally  recognized  as  a  communicable  dis- 
ease and  laws  were  made  to  control  its  spread.  The  diJferentiation 
between  the  lighter  rorias  of  gonorrhd-ii  and  some  other  iiiHainmaiions 
of  tlie  mucnus  menihrunes  was,  liov^ever,  nlniost  impossible  until  the 
discoven.'  of  the  specific  iiiicro-i>rgiiiitKin  liy  NeL*iser,  in  1S79. 

Tlie  organism  was  firet  otwer^'ed  in  gonorrhtral  discharges,  and  de- 
scribed by  him  under  the  name  of  "goniwocfus;"  but  though  severul 
attempted  lo  discover  a  medium  upon  which  it  might  be  cuUivated. 
it  was  reserveij  for  Hnmrii,  in  ISN'j,  to  obtain  it  in  pure  culture  u|»n 
coagulated  human-blood  serum,  and  then  after  cultivating  it  for  many 
generations  to  prove  iti  infective  virulence  by  inoculation  into  man. 
The  researfbes  of  Neisjier  and  Dumm  established  Ijevond  doubl  that 
this  orgiuiisin  is  the  spcciHi^  cause  of  gonori*h<i'a  In  man. 

Microscopic  Appearance.^MicnK-ncci,  ix-^-urring  nKJstly  in  the  fonn 
of  <bpliKNK'i-i.  Tlu-  b[Hlie.s  tif  the  dipUx-occi  are  elongated,  anil,  as 
shown  in  stauied  preparations,  have  an  unstained  division  or  iuter^ 
space  Wtween  two  Hattened  surfaces  facing  one  another,  which  give 
them  their  characteristic  "calVee-l)ean"  or  "kidney"  shape.  The 
older  cocci  lengthen,  then  become  constricted  in  their  middle  portion, 
and  finally  divide,  making  new  pairs  (h'ig.  111).  The  diameter  of  an 
associated  pair  of  crlls  varies  acconling  !o  iheir  .*itage  of  development 
from  O.-S/i  to  IMft  in  the  long  diameter — average  aliont  1. 25/1 — by  O.ti/i 
lo  O.S/J  in  the  cniss  iliameter. 

Intrscflllular  Position  of  Oonococci.^ln  gnnorrbd'a,  (hiring  the  earliest 
stages  l»efon,?  the  dischargi*  lict'onies  purulent,  tlie  gonwncei  an?  found 
mostly  free  in  (he  scniin  or  pljisiennl  upon  tla-  epitht'liuin  ivWs. 
but  later  almost  entirely  in  small,  irregular  groups  in  or  upon  the 
pus  cells,  anil  always  extranuclear.  With  the  ilisaptH-arance  of  tl»e 
pus  formation  more  free  gonocoeri  appear.  Discharge  expressed 
from  the  urethra  usually  contain.^  more  free  organi.sm.s  than  the  nalnml 
flow.  GoiiiK-iK-ci  an-  sttmetinics  jrn*gular  in  shape  or  granular  in 
ap)iear)ince,  involution  fomi.s,  foiuid  jiarticMlarly  in  older  cultures  ami 
in  clininir  iin-'thritLs  of  long  standiny.  Sicigle  pus  cells  sometimes  con- 
tain as  many  as  one  Inindred  gDiioctK'ci  and  seem  to  \tv  almost  bur^iting 
and  yet  show  but  slight  signs  of  injury.  There  is  still  discussion  a.s  tn 
whether  the  gonococci  actively  invade  tlie  pus  cells  or  only  arc  taken 
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up  by  tht-in.    TliiTe  is  no  eviilence  that  the  gonococci  are  destroyed 
hy  the  pus  cells  (Fig.   112). 

Btaininf. — Tlit'  poiun-occus  xlairtJi  warlily  with  the  basic  aniline 
colore.  Loeffler's  solution  of  inelhyleiif  blue  is  one  of  the  l»est  staining 
agents  for  dcnmn.stnitiMj;  ils  pn'stncc  in  pus,  for,  wliilc  staining  the  gono- 
cocci  deeply,  it  leaves  the  <ell  protoplasm  but  faintly  stninetl.  Fuch- 
sin  is  apt  to  overslain  the  cell  sulwtamT.  Beautiful  douhle-slained 
prepArations  mav  be  made  fn>in  goiinrrhieal  pus  by  treating  cover- 
g^ass  smears  with  inelliyletif  liliic  anil  vt-»ui.  Nuniemu.s  methods  for 
double  staining  have  l)een  einployetl,  with  the  e^bjert  of  nmkiiig  a  few 
gonoi"ocfi  more  eonspicucuis.  Xone  itf  them  have  any  spet'ific  char- 
acteristics surh  as  the  (Irani  stain.  Il  is  now  establiiheil  that  gono- 
cocci  from  fresh  cultures  iind  from  recent  gonorrh<eai  infections  are, 
when  pmperly  treated  by  (irain's  method,  quickly  and  surely  robl>ed 
of  their  color.    The  removal  of  the  stain  from  gonocooci  in  old  flukes 
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anil  ihreads  from  chronic  cases  is  not  m>  (vrtain.  This  ditTerence  is 
mostly  due  to  the  fact  that  eijually  uniform  specimens  cannot  Iw  pre- 
jwred.  The  deroloriv!e<l  gonococci  are  slained  l>y  (lipping  the  films 
for  a  few  seconds  intn  a  I  :  lU  diUition  of  carbol-fuchsin.  or  a  solu- 
tion of  bisniarck  brown  Thi.t  staining  should  be  for  «s  short  a  time 
us  suffifes  to  stain  ihe  decedorized  organisms.  'I'his  inethiHi  of  stain- 
ing cannot  be  tlependeil  upon  alone  to  abstihilely  distinguish  the 
gonococciis  from  all  oilier  diplococci  foinid  in  the  urt'tbni  ami  vulvo- 
vaginal Inicl,  for,  es|»eciiilly  in  the  feniale,  <tlhiT  dipltu-iM'ci  arc  occa- 
sionally found  which  arv  also  not  stained  by  (iniiu's  method.  It 
serves,  however,  to  distinguish  this  micrr>coccus  from  the  common 
pyogenic  cocci,  which  retain  their  color  when  treated  it:  the  same  «'ay, 
and  in  the  male  urethnt  it  is  praclic&lly  certain,  as  no  organism  has 
been  found  in  that  location  which  in  morphnlogv'  and  staining  is  iden- 
tical with  the  gonococciis.  It  is  certaitdy  liie  most  illstinclivf  ehamc- 
teristic  of  the  staining  propertieis  of  the  gonocuccus,  and  il  is  a  test 
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that  should  never  be  neglected  in  differenliating  this  organism  frutn 
(itlicrs  whicli  are  morphologically  similar. 

Biology. — Grows  Wst  at  blood  lenii>erattire;  the  limits  being  rwiighly 
2<}°  and  4(f  C.  It  is  a  facultntive  anaerobe.  It  is  not  motile  and  produces 
no  spores. 

Oultoie  Media. — The  gonococf  us  requires  for  its  best  growth  the  ad- 
dition to  nutrient  agar  of  a  small  percentage  of  blood  serum  or  sorne 
equivalent.    'I'he  following  nieriiii  have  proven  of  value: 

1.  Human  blood  from  the  sterilized  finger  streaked  on  common 
nutrient  agar. 

2.  Iluman-blood  serum,  I  part  added  to  and  mixed  with  2  parts 
mellei^l  5  per  cent,  glycerin  nutrient,  IJ*  per  cent,  agar  Iiaving  a  tem- 
perature of  .>ri*  to  00°  '.'.  The  whole  after  mixing  Ijeing  poured  into 
a  Petri  dish  or  cooled  slanted  in  a  tube.  The  same  proportions  of 
nutrient  broth  and  senun  make  a  suitable  Buid  me<lia. 

3.  Human  ascitic,  pleuritic  or  cystic  Huid  in  same  proportions  as  blood 
serum.     One  per  cent,  glucose  may  be  added. 

4.  Swire  s^'runi  nulnxse  media.  Wa^sennan  strongly  recommends 
this  mixture.    (See  under  Meilia.)    In  our  hands  it  has  given  good  results. 

5.  Nutrient  or  5  per  cent,  glycerin  agar.  A\lien  considerable  pus  b 
streaked  on  simple  agar  media  a  good  growth  of  gonococci  is  usually 
obtained.  After  continued  cultivation  gonococci  cultures  frequently 
grow  on  mfdia  containing  no  senim.  j>onie  strains  grow  on  ordinarj* 
glycerin  or  glucose  nutrient  agar  from  the  start 

Viability. — Cuhurea  frequently  die  in  forty-eight  to  seventy-two 
hours  wtien  kept  at  room  temperature.  In  the  ice-box  they  may  li\'e 
for  several  weeks.  Most  cultures  require  the  serum  media  for  the 
later  cuUiiivs, 

Appearance  of  Oolonies.^A  delicate  growth  is  charecteristic.  At  tlie 
end  uf  twenty-four  lioure  there  will  have  developed  translucent.  \"en- 
finely  granular  colonies,  with  scalloped  margin.  The  mai)nn  ia  some- 
times scarcely  to  Ik'  difTert'nfiated  from  the  culture  medium.  In  color 
they  are  grayi.sh -white,  with  a  tinge  of  yellow.  The  texture  is  finely 
granular  at  the  periphery,  presenting  punctated  spots  of  higher  refrac- 
tion in  and  around  the  centre  of  yelKiwisli  color  frig.  1 13). 

SiTRFAOF.  Stri-:ak  Cn.TrRK,— Translucent  grnyish-white  gronth, 
with  rather  thick  eilges. 

Besistance. — The  gonococcus  has  but  little  resbta.nt  power  agahut 
outside  influences.  It  is  killed  by  weak  disinfecting  solutions  and  by 
desiccation  tn  thin  Ia\-crs.  In  comparatively  thick  layers,  however,  as 
when  gonorrliteal  pus  is  smeared  on  linen,  it  has  lived  for  forty-nine 
days,  and  «)ried  on  glass  for  twenty-nine  days  (Ileiman).  It  is  killed 
at  a  tempeniture  over  -12°  C 

0cauT6nc«  of  Oonoeocci. — Outsiile  of  the  human  bixly  or  malerinl 
carried  from  it  gonoc(»cci  hove  not  tteen  found. 

Pathogenesis. —  Xon-lruiismi-ssiblc  to  all  animals.  Both  the  living 
and  dea<l  gonococci  contain  toxic  sul>stance3  which  cause  death  or 
injur>'  when  uijected  in  lai^  quantities. 
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Tlioiigli  animal  inoculations  are  thus  followed  by  negative  results, 
the  etinlogicjil  rclatifin  of  the  gonococcus  to  human  gonorrhoea  haa 
been  demonstrated  tieyond  question  by  tlie  infection  of  a  number  of 
healthy  men  with  the  diseH.se  by  the  inoculation  of  pure  euUiires  of 
the  micro-orgnnism. 

'r*ixiNS4. — In  the  pmotHK^eus  Rclls  siibstancct  are  present  which  are 
toxic  after  lieutinp  and  contact  with  alcoliol.  Injected  in  considerable 
amounts  into  rabl>its  they  cause  infiltration  and  often  necrosis.  Applied 
to  the  urethral  mucous  membrane  there  Is  produced  an  inflamma- 
tion of  short  duration.  In  gonorrhrt'a  the  secretion  is  believed  to  be 
(lue  to  these  intmeeUulur  !oxiii.s.  Uejieated  injections  pive  no  appre- 
ciable innniinilv.  'Plie  (illmte  of  retrnt  gonococ-niis  nittiires  contains 
little  or  no  appreciable  toxin.  The  typical  incubation  and  symptoms 
of  the  disease  resuUiNl  In  all  cases  in  tlie  subjects  experiinerderl  on. 

rKi.in 


ColonK*  ot  Konoeoeet  on  pleurtQe  ditld  agar.    (Holmno.) 

Disease  Conditions  Excited  b7  Qonococci. — Affections  ilue  to  this 
orgaiii^m  an*  usually  re,<tri<:tfd  to  ilic  mucous  membranes  of  the 
urethra,  prostate,  neck  of  bladder,  cen-ix  uteri,  vagina,  and  conjunctiva. 
The  conjiincliva],  vaginal,  and  rectftl  mucous  tnetnbranes  ai-e  nanch 
more  sen.'^itive  in  early  cldldhoixl  tbaii  \x\  Uvler  life.  Besides  these  tissues 
it  has  lieen  proven  that  many  others  may  be  infected,  so  tlmt  we  now 
know  that  to  the  gonticocci  are  due  many  cases  of  endometritis,  metritLs. 
salpingitis,  i>ophoriti.s,  jH-ritonilis,  proctitis,  cystitis,  epi<lidyniitis.  and 
anhritts.  Abscesses  of  considerable  size,  periustitLs,  and  otitis  are  occa- 
sionally due  to  the  gon<K\>ccu,s. 

EDdocardltis  and  Septictemii. — (]Ases  of  gontK'orous  endocarditis  and 
septicaemia  are  ctot  infrequent.  Gonoco<'eus  septica'mio  may  oecnr  in 
Cijnneclion  with  other  localizations  or  alone.  Nearly  I'Very  year  one 
or  two  of  these  ca*e>i  is  met  with  in  eveiy  general  hospital.  In  a 
considerable  number  of  cfl.ses  where  gonococci  are  obtained  from  the 
blood  the  patients  recover.  The  fever  is  sometimes  lyphoid-Hke  in 
character. 
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Pavement  epitlieliiim   is  more  dlflicuU  tu  infect   thuri  cylii 
The  ^onorocnis  (craihinlly  penetrates  the  epithelial  layer  mid  pnwliities 
liiflaimiinliaii  uf  the  coiiiivctive  tissue.  ^ 

Immunity.^Immuiiity  in  irmn  after  recovery*  from  infection  seems  tofl 
be  unly  slight  in  amount  am!  fur  a  ^^hurt  period  if  present  at  all.  It  ia  ^\ 
known  that  the  urethra  in  man  or  ccnix  uteri  in  woman  may  <'ontnin 
gonococci  which  He  donminl  anti  may  he  innocuous  in  that  peraon  for 
years,  hut  which  may  at  any  time  excite  an  acute  gonorrhtea  in  nnotlier 
individual  or,  under  stimulating  conditions,  in  the  one  earning  the 
infec'liiju. 

DnratloQ  of  Infections  and  of  Contagious  Period. — There  is  no  limit 
to  the  time  during  which  a  man  or  woman  may  remain  infected  with 
gonococci  and  infcft  others.     Wi;  have  liad  one  case  under  ot>»er\'utiva^J 
where  twenty  years  had  elap.sed  since  exposure  to  infection,  and  yet  tbe^f 
gonoc<»cet  were  still  abundant.     It  is  now  well  cstalilishcd  that  most  of^i 
the  inHannnalioMS  of  the  female  genital  tract  are  due  to  goniH-<xvt,  and 
the  majority  of  such  infections  are  pro<liiceil  in  innocent  women  lij^| 
tlH'ir  InislMindr*  who  are  .sutTcring  fnim  latent  gunorrhiea.  ^^ 

B&ct«rJological    Diagnosis   of   Oonorrhoea. — In    view   of  the    fact    that 
sevcml  iiii)n-|i(tnorrhiral  foniis  of  urelhriti.s  e.xLst,  and  also  that  micro-j 
cocci    murpliulogically   similar    to    (he   gon«x'occi:s    Xeisser   are    often  I 
found  in  the  nonnal  vulvovaginal  trat-t,  it  l>ecome.'*  a  matter  of  great 
importance  to  Ik;  able  to  <letect  gonococci  when  present,  and  to  <iiffer-i 
entiate  these  from  the  non-s|)ecifir  organwm.s.     I^.si<les  this,  the  gom 
cocci  which  occur  in  old    cultures  and    in  chronic  urethritis  of  long' 
.standing  .lometimes  take  on  a  verii'  diversifie<l  appearance.      From  a 
medicolegal  and  social  standpoint,  therefore,  the  ditTcTcntiul  diagnosis 
of  the  gonoc-occus  has  in  certain  cases  a  very  practical  significance. 

There  are  two  nictlnwls  of  differential  diagiiusis  now  avnilal>l< 
the  micnwcopic  and  tiu"  cultural.  Animal  inoculations  an*  of  no 
value,  as  auiiuals  arc  not  susceptible,  and,  of  course,  human  inocula- 
tions are  generally  impossible.  In  the  microscopic  diagnosis  it  should 
he  borne  in  mind  that  after  the  acute  serous  stage  has  pa.s.*«efl.  the  s\)t- 
cific  gonococci  in  carrjuUy  made  preparation.^  are  always  found  largely 
within  the  pus  cells,  Diplococci  morphologically  similar  to  goiKKKM-ci 
occurring  in  ntiicr  portions  of  the  field  and  <nit.side  of  the  pus  eelU 
shoidt]  not  lie  considere<l  siK-riiic  hy  this  test  only.  It  should  alio  lie 
rcmemltere<l  that  the  gon<niK-ci  are  decolorized  by  Ctram's  tnellMNl, 
white  other  sinillar  uiit-rtK-iK-ci  which  occur  in  the  urethra  are,  as  a  nile, 
at  least  not  so  decolorized.  Organisms  having  these  chamcteristii'sj 
can  for  all  practical  purpoi*cs  l>c  considered!  as  certainly  gonococci 
U  obtained  from  the  urethra.  From  the  vulvovaginal  tract  Uie  <cr- 
tainty  is  not  so  great,  .since  other  diplococci  are  occasionally  found  in 
gonorrhfral  pii-s  from  the  vulvovaginal  tract,  and  ver\-  rarely,  also, 
from  the  nrvlhra,  which  <lo  not  slain  hy  this  melhoil;  here  culttirr.i 
should  also  l»c  made.  Cover-glass  pre|>aratIons  from  subacute  or 
chronic  cases  should  Ije  examined,  if  passible,  with  a  microsouiK'  pnv 
Tided  with  a  mechanical  stage,  and  films  should  always  be  stained  hr 
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both  Locffler's  metbyteiie-bliie  solutiuii  and  by  Gmm's  method,  and 
the  examination  repeate<l  on  three  consecutive  days.  Should  these 
specimenii  prove  negative,  to  exclude  any  possible  doubt  in  the  matter, 
cultures  should  then  be  made  on  human  ascitic  Huid  or  serum  a(^r, 
poure<i  in  dishes;  also,  if  with  negative  results,  on  three  coasecutive 
days,  Ileiniaii,  who  has  paid  much  ji.1tention  to  gnnncoccns  examina- 
titms,  iibtains  his  niati-n'al  by  the  fidliiwiug  nicthtxl:  in  climnif  urethritis 
he  allows  the  patient  to  void  his  urine  either  immediately  into  two 
sterili'/ed  wntrifuj^d  XwW^  or  first  into  two  sterile  bottles.  The  first 
tul)e  will  contain  threads  of  the  anterior  urethra;  the  second  tul)e  will 
Ix*  likely  to  contain  secretion  from  the  posterior  urethra  and  from  the 
prastate  phind  if.  while  urinating,  the  patient's  prostate  lie  pressed 
upon  with  the  finger.  Tubes  containing  .such  urine  are  ])!acerl  in  the 
centrifuge  and  whirled  for  three  minutes  at  twelve  hundred  or  more 
revolutions  per  iniuiitr;  the  thrvads  are  ibrowii  down.  The  centrifugeil 
sediment  will  lie  found  to  contain  most  of  the  bucteria  present,  epithelial 
cells,  and,  at  tinu^s.  s]wrmatii7i.«i.  Xi>rinal  urine  on  being  centrifuged 
at  this  veUicily  will  Ih*  found  at  times  to  show  a  alight  turbidity  at  the 
bottom  of  the  tube.  This  will  be  found,  on  udcroscopic  examination, 
la  consist  of  epithelial  cells,  a  few  leukocytes,  and  some  bacteria. 

The  careful  exauiinati(»n  of  gonorrhteal  threads  stained  by  Gram's 
method  is  a  very  tedious  affair,  as  in  everp  instance  no  les.s  than  three 
cover-glass  prepanitions  should  !«■  looked  over  before  the  absence  of 
the  gouococcus  is  cfnisidered  proliabte.  It  would  reipiire  many  hianrs 
upon  each  and  rvi-ry  .s|H'ciiticit.  esjH-cially  if  the  gniuicocci  arc  prtvseiit 
in  very  small  numlwr,  l»efore  a  reliable  and  con.scientious  opinion 
could  be  rendered.  If,  after  uH,  a  negative  opinion  is  ventiiiwi,  we 
still  are  under  the  necessity  of  proving  that  because  the  threa<ls  which 
we  f)she<]  out  for  the  cover-gla-ss  examination  were  fn-e  fmm  gonococci 
ihe  remaining  ones  were  also.  Kor  this  reason  tlie  culture  medium 
Ls  more  sensitive  for  bacteria  than  is  ilie  cover-glass,  for  we  are  able 
to  plant  each  and  everj'  thread  of  Ihe  .seiliment  It]  the  <»ntrifugal  tulie. 
Results  on  culture  media  are  ordv  reliable  when  obtained  by  thor- 
oughly tniinefl  bacteriologists  witl>  suitable  media  aiul  metheids.  Kiir- 
bringer.  in  his  work,  im-jMioti.s  (he  fad  that  in  certain  rases  the  abseiH'e 
of  the  gonococcus  in  many  e.xaniinutions  of  cover-glass  preparations 
is  not  a  positive  proof  that  the  gonococcu."!  is  not  present.  The  culture 
methods,  of  course,  presuppose  that  one  has  the  facilities  and  knowl- 
e<lge  to  carry  them  out  successfully,  otherwl.se  the  microscopic  methods 
are  to  he  used  alone. 

In  acute  cases  where  the  pus  is  idjiiiulanl  the  si)ecimen  for  examina- 
tion may  be  collected,  when  the  patient  is  before  one,  by  passing  a 
sterilized  platinum-wire  lo<ip  ns  far  up  into  the  urethni  as  possible  and 
withdrawing  snnu*  <»f  the  secretion. 

OcatrreQce  in  Cultures  firom  Chronic  Urethritis. — ^Helinan  in  01  cases 
fouuil  the  gimiR'occus  in  14  by  cultures  and  in  13  by  smears.  The 
EoUo«-iug  results  were  obtaineil  by  other  ol>serrers  by  cover-glass  prep- 
arations: Goll,  according  to  his  elalx)rate  article,  examined  1046  cases 
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of  chnmif  iin-tliritis  vjirj-ing  in  duntdun  between  four  weeks  to  six  ye«is 
or  more,  findtiij;  Kui»><*occi  in  iJX  cases,  the  reniaimlcr  jfiviiif;  iR*frative 
rt-siills.  XebstT.  out  of  143  casi's.  vurjiiij;  in  dnratiun  lietween  two 
months  and  eight  j'ears.  found  gonococci  in  KO  cases. 


BACTERIA  RESEMBLINO  OONOCOOOI. 


Bumm  (lescril^ed  a  riumljer  of  iiiieroeocfi  which  n-senihleil  gonucocci 
in  form  and  staining.  These  assume  imjiortuiice  largely  because 
they  limy  Ix'  coiifuM'tl  witli  the  ^»n(X*oc-eus.  They  i»ccur  on  the  con- 
junctival uTid  vaptHil  mucous  meuibrnne.^  Hn<I  cause  confusion.  One 
of  these  iiiicro-orpanisms,  the  micrococcus  catarrhalis  (see  p.  '^iib),  has 
an  importance  of  its  own. 

The  Micrococcus  Meliteasis. 

This  uiicnv-orjrariisni  was  first  discovered  in  a  case  of  Maltu  fever  by 
Bruce  in  Malta  in  l$}:i7.  'llic  didea.se  is  mostly  con&Dcd  to  the  shorej 
of  the  Mediterranean,  but  cases  of  it  have  been  observed  in  Porto  Riaj 
and  the  Fhilippines.  The  disease  doe.s  not  seem  to  be  directly  tmns- 
Miilti'i!  fn>iii  person  to  person. 

Morphology. — Siiudl  rounded  or  slightly  oval  organism  aljout  15/i  in 
4liameler.  It  is  itsually  single  or  in  pairs,  but  in  cidtui'es  short  chains 
an-  also  iiiel  with.  Diirluun  has  slmwii  Ihat  in  old  cultures  hacillary 
forms  L>ccur.  (jorhacn  believes  he  has  dciiionstnile<!  that  the  co«'U.s 
has  one  to  four  flagella. 

Staining. — It  stains  rea<li]y  with  the  aniline  dyes  aiul  is  negative  to 
Gram. 

CultiTation.— At  37"  C.  ii  jrrows  on  nutrient  agar  and  in  bioih.  'ITie 
eoiciiiirs  arr  not  usually  vi.'sible  until  tlii*  third  day.  They  appear  as 
small  round  lii.sks,  slightly  niised.  witfi  a  yellowish  tint  in  the  centre. 

Methods  of  Diagnosis.— During  life  (he  lust  meuii?^  of  diagnosis  is  by 
(he  agghitinarion  Irst.  The  serum  from  rlifferent  persons  agglutinates 
in  diluiions  of  from  1 :  10  to  1:1000.  Cultures  arc  readily  obtained 
fi-om  the  spleen. 

The  Diicrey  Bacilltis  of  Soft  Obancre. 

This  Imeillus  was  first  specifically  deserilH'd  and  obtained  'n  purr 
culture  by  Ducrcy  in  18HQ. 

Morphology. — .\hout  1.5/(  lung  anil  U.4/'  thick,  growing  often  in 
chains  luid  in  cultures,  s<unetimes  twi.ttecl  together  in  dense  masses. 

It  siaius  best  with  carliol-fuchsin,  and  shows  polar  staining. 

Onltural  Characteristics. — The  following  method  of  cultivation  has 
givi'u  the  best  results,  Two  parts  agar  are  ruptefietl  at  i»(l°  C  and 
inixetl  with  one  part  human,  dog,  or  ndibit  hlixxl.  The  bUnid  fnirn 
the  cut  carotid  of  a  rabbit  timv  I>e  allowed  (o  run  direcltv  into  the  aciir 
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tube,  to  which  Uie  pus  from  thi-  iili,rrat«l  bubo  is  then  aililed  in  proper 
proportion,  and  the  whole  placed  in  the  iiu-ubator  at  35*  C.  The  pus 
may  be  obtained  by  puncture  and  aspiration  from  the  unbroken  ulcer, 
or  if  the  ulcer  U  already  oj)en  it  is  first  paintec!  with  tincture  of  io(]ine 
and  covered  with  collodion  or  sterile  cauze.  After  twentj--four  to 
forty-^ight  hours,  some  pus  liavinjf  roUerted  under  the  bandage,  inocu- 
lations are  made  from  it.  The  Imcilhis  grows  well  also  in  unri>agulHled 
rabbit-blood  s  mm  or  in  eoiulensution  wnterof  bloot!  jigar.  In  twenty- 
four  to  forty-eight  hour*,  on  the  surface  of  tlie  iriedia,  wel]-deveU>[>ed, 
shining,  grajish  colonies,  about  1  mm,  in  diameter,  may  W  nbscrved. 
The  colonies  remain  separate,  but  only  becuine  numerous  after  further 
transplantation.  The  best  results  are  obtained  when  the  pus  is  taken 
close  to  the  walls  of  the  abscess. 

Glass  smears  show  isolate«l  Imcilll  or  short  parallel  chains  with  dis- 
tinct polar  staining. 

After  the  eleventh  generation  of  the  culture,  and  from  all  old  cul- 
tures, on  inoculation  the  characteristic  soft  chancre  is  prmJuced  in 
man.  According  to  some  observers  animals  cannot  be  infected;  othen} 
claim  to  have  obtainwl  ptwilive   results   with   monkeys  and  cats. 

The  organisms  are  especially  chamcteristic  in  the  water  of  condensa- 
tion from  blood  agar,  the  bacilli  Ix^ing  thinnerand  shorter,  with  rounded 
ends;  sometimes  long,  wavy  chains  an?  found.  In  rabbit-blood  serum 
at  37°  C.  a  slight  clouding  of  the  njeiUum  is  produced  and  small  flakes 
are  formed, consisting  of  short  bacilli  or  mcxleratelylong,  cun'ecl  chains, 
showing  fiotar  staining. 

The  haciihis  lives  .several  weeks  on  blood  agar  at  37°  C,  but  it 
soon  dies  in  cultures  on  CHMigulHteil  scrum.  .Ml  other  onlinary  culture 
media  so  fur  tried  have  given  negiitive  results,  and  even  with  the  media 
described  development  is  diflicult  and  often  fails  entirely. 

The  chancre  bacillus  [wssesses  but  little  resistance  to  deleterious  out- 
side influences.  Hence,  the  various  aiktiseptic  bandages,  etc.,  used  in 
treatment  of  the  affection  soon  bring  about  recoven*  by  preventing 
the  spread  of  inoculation  chancre. 


CHAPTER  XXV  III. 

BACILLI'S   PYOCYANEUS   (BACILLUS   OP   GRKEN   AND    OF    BLUE 

PUS>— BACl LLUS  PROTKirS  VirLGARIS— OROUP  OF  MALIGNANT 

(EDEMA  BACILLI-BACILLUS  AEHOOENES  CAPSILATUS. 

BacilluB  Pyocyaneiu. 

Tire  bltie  ami  green  coloration  which  is  occasionally  found  to  accom- 
pany the  purulent  rlLsclmrge.s  from  o{>en  wotinils  is  nsiiiilly  due  to  he 
action  of  the  harillii.s  pyoryaneus.  AcrorHiiij;  to  recent  investigatirms 
this  bacillus  H}>{M'Hrs  to  In-  ver^'  wi(Jely  di.sirihii(ed.  It  whs  first  nhtained 
in  pure  ciiliurp  by  (lesaanl. 

Morphology.-  Sli-nrler  nwls  from  0.3/t  to  I,"  Immd  and  from  2/«  to  ftft 
long;  freaupiitly  united  in  pairs  or  in  chains  of  four  to  six  elements; 
occasionufty  growing  out  into  long  filament;;  and  lwi^te<l  spirals.    The 
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liarillus  is  iiHively  molile.  a  single  flitgelhini  Iteing  altnchoi!  to  one 
end.  Does  not  form  sport's.  SUtittit  vntli  the  unlinary  aniline  coU>ra; 
dors  not  stain  with  Gnmi's  .solution. 

Biology. — An  ai'robic.  lifjuefying.  motile  bacillus.  Capable  also  of 
an  anaerobic  existence,  but  then  prrxluccs  no  pigment.  Grows  ivarlily 
on  all  artificial  cnlturt*  metlia  at  the  rotnn  leui|ierHture.  though  best 
at  37°  C,  am)  gives  to  some  of  them  a  bright-green  color  in  the  pres- 
ence of  oinrgen.  In  gelatin-piafr  cultures  tlie  colonies  are  rapidly  de- 
veloped, imparting  to  the  nierliutn  a  fluore^srent  green  color;  Itquefa^ 
tioQ  begins  at  the  end  of  two  or  three  days,  and  by  the  fifth  day  thtt 
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gektin  is  usually  all  Iique6etl.  The  deep  colonies,  licfore  liquefaction 
scis  in.  appear  as  round,  granulnr  ma.'ises  with  scalIo[>e4l  margins, 
having  a  yellowkh-green  color;  the  surface  colonics  liave  a  ilnrker 
given  centre,  surrounded  by  a  delicate,  radiating  zone.  In  .iiick  cul- 
tures in  yeiatin  liquefaction  occurs  al  first  near  the  surface,  in  the  form 
of  a  small  fuuiicl,  and  gradually  extends  downward;  later  the  liquefied 
gelatin  is  separatetl  from  the  solid  part  of  the  niediinn  by  a  horizontal 
plane,  a  green ish-vcllow  color  being  impurted  to  thai  portion  which 
is  in  contact  with  the  air.  On  fi'jur  a  wnnkli-d,  moist,  greenish-white 
layer  is  deve!ope<l,  while  the  surrounding  medium  is  bright  gnn^n; 
this  suljseipiently  Ijecomes  darker  in  color,  changing  to  blue-green 
or  almait  black.  In  haniHon  the  green  color  U  pronUicrd,  and  the 
growth  api>ears  as  a  delicate,  floccutent  sediment,  Mifk  is  coagulated 
with  coincident  aciil  reaction. 

There  is  some  difference  of  opinion  in  regard  to  the  pigments 
pml(ic«d  hy  the  liacilhis  pyocyaneiis.  Gerard's  view  is  that  two  pig- 
ments are  prtKJncpd  l>v  tlu>  bacillus— -f>tie  of  a  Hnorescent  green  and 
the  other  (pyocyanin)  of  a  blue  color.  PyiK-yatnn  is  soluble  in  chlnro- 
funn,  and  mny  lie  t»btaincfl  from  pure  .sohition  in  long,  blue  neeilles. 
Tlic  pigment  which  is  thus  extracted  by  chloroform  distinguishes  the 
bacillus  pyocyaneus  from  other  tiuorescing  Iwcteria. 

Diatribution. — This  I>acillus  is  verii'  widely  distributed  in  nature; 
it  is  fonnd  on  the  healthy  skin  of  man,  in  the  feces  of  many  animals,  in 
water  contaminated  by  animal  or  human  material,  in  purulent  dis- 
charges, and  in  senjiis  wound  secretions. 

Pathogenesis. — Its  present*  in  wounds  greatly  delays  the  prociess 
of  ri'pair,  and  nuiy  give  rise  to  a  gcneml  tlepres-sion  of  tlie  vital  powers 
from  the  absorption  of  its  toxic  prtnlucts.  hs  |)alhogcnic  cRect-s  on 
animals  have  lx;en  carefidly  studied.  It  is  pathogenic  for  guinea-pigs 
and  ruhbits.  Sulx-utane<uis  or  intm|H.Titoneal  injections  of  I  c.c  or 
more  of  a  Iwuillon  culture  usually  cause  the  <leath  of  the  animal  in  from 
twenty-four  to  thirty-six  hours.  Subcutaneous  inoculations  produce 
an  extensive  inflanunatoPi'  onlenia  and  purulent  infiltration  of  the 
tissues;  a  serofibrinous  or  punilent  peritonitis  is  induced  by  the  intro- 
duclion  of  the  bacillus  into  the  j«Titoneal  cavity.  The  bacilli  multiply 
in  the  Ijody,  and  may  be  found  In  the  .serous  or  punilent  fluid  in  the 
sul»cutaneous  tissues  or  abdominal  cavity,  as  well  tus  in  the  lilotK]  ;ind 
various  organs.  When  smaller  quantities  are  injected  sulM'iitaneously 
tlie  animal  usually  recovers,  only  a  hx:al  inflaaimator.'  reactiuu  l)eing 
set  up  (abscess),  and  it  is  aubsc<|ucnlly  immune  against  a  second  inocu- 
lation with  diLses  which  woulil  prove  fatal  to  an  unprotected  aninml. 
It  is  interesting  to  note  that  Houcliarrl,  Cliarrin.  and  (Juignnnl  have 
shown  that  in  mbbits  which  have  been  inoculated  with  a  culture  of 
the  bacillus  antliracis  a  falnl  resull  may  l)e  prevented  by  inoculating 
the  same  animal  soon  after  with  a  pure  culture  of  the  bacillus  pyo- 
cyaneus. I^ot-w  and  Eninicrti-li  have  sliowii  that  the  enzymes  pro- 
Huce<i  in  the  pyocyaneu.s  cultures  are  capable  of  des(n)ying  many 
fonus  of  Ijacteria  in  the  test-tube,  and  have  a  slight  protecting  value  in 
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the  body.     The  pyocyaneus  bacillus  pmdiices  these  pfTects  nol  only 
throtiffh  ferments,  but  I>y  inlrncellnlnr  toxliis. 

Our  knowledj^  of  the  patho^-nlc  iiiiportance  of  the  bacillus  pyo- 
cyoneiLs  in  human  diseases  has  l»eeii  niunh  increased  by  recent  inves- 
tigations. Thus,  cases  have  t)een  repi>rted  in  which  this  bacillus  has 
been  obtained  in  pure  culture  from  pus  derived  from  the  t^Tnpanic 
cavity  in  iliseiLse  of  the  middle  ejir,  fnnri  i*ase.s  of  onhtlmhiiin,  hihI 
bronchopneumonia.  Knise  Jind  I*fls(pmle  have  found  the  some  niicro- 
orgjiiiism  In  ihrti"  cb-scs  uf  kliopHlhic  abstrss  uf  the  liver,  in  two  cif  them 
in  immense  numbers  nnd  in  pure  culture.  Kniat  am!  Schurmayer 
reiK>rt  the  prcseiiice  of  the  bacillus  pyix'vaiicus  in  serous  iiiflammntion 
of  the  iwricanHal  sac  and  of  the  knee-joint.  Ehlers  gives  the  histor*'  of 
a  (lisea.ie  in  two  .si.sier3  wlio  were  attacke<l  .^simultaneously  with  fever, 
albuminuria,  and  paralysis.  It  was  thought  that  they  wouhi  prove  to 
be  tj-phoiil  fever  or  meningitis,  hut  on  (he  twelfth  day  there  ws?  an 
eruption  of  blisters,  from  the  contents  of  which  the  bacillus  pyocyaneus 
WH.s  Lsolatffj.  Jadkfwltsi'li  ri-ports  the  case  i>f  «  patient  siiftenng  from 
eczema  of  (he  lower  extremities,  in  whom  three  limes  during  u  [Kriixl 
of  ten  years  there  wa.s  eni]>tion  of  h^iils  contiiiiitng  blue  pus,  with  accom- 
panying symptoms  of  poisoning,  emaciation,  prostration,  diarrhira, 
and  paTX-sis.  Krambals  refers  to  seven  cases  in  which  a  general  pyocy- 
aneus infection  occurred,  and  adds  au  eighth  from  lils  own  experience. 
Jn  this  iIh*  bacillus  pyocyaneus  was  obtained  pnsl-mortem  from  green 
pus  in  the  pleural  cavity,  from  serum  in  the  pericardial  sac,  and  from 
the  spleen  in  pure  culture.  Schimmelliusclt  slates  that  a  physician 
injected  0.5  c.c.  of  sterilized  (by  heat)  culture  into  his  forearm.  .\s  a 
result  of  this  injection,  after  n  few  lioiirs  he  had  a  slight  chill,  followed 
by  fever,  which  at  the  end  of  twelve  hours  reached  ^Js.S*  C;  an  erysipe- 
latous-likc  swelling  of  the  forearm  occurnMl,  and  the  glands  in  the 
axilla  were  swollen  and  painful.  Wassennan  re[>orls  an  epidemic  of 
septi<'  infection  of  the  iiewboni.  starting  in  the  umbilicus.  In  all  tlicre 
were  eleven  deaths.  l.artigau  found  il  in  wtll-waler,  and  in  great 
abundance  in  the  intestinal  liischargesof  a  numlier  of  eases  made  ill  by 
drinking  the  water.  Il  has  also  l>«n  found  in  a  certain  numl»er  of 
cases  of  gastroenteritis,  where  ih>  sjH'cial  cause  of  infection  c<>uld  lie 
noted. 

We  may,  therefon\  conclude  frcim  tliesc  facts  that  the  Imcilhis  pyo- 
cyaneus. although  ordinarily  but  slightly  pathogenic  for  man,  may 
under  certain  cinulitions  become  a  dangerous  source  of  infection. 
Children  would  seem  to  be  particularly  susceptible. 

The  dift'erential  diagnosis  of  the  pyocyaneus  from  other  fluorescing 
bacteria  is  easy  enough  as  lung  as  it  retains  its  pignient-proilucing 
property.  When  an  agar  culture  is  agitated  w^ith  chloroform  n  blue 
coloration  demonstrates  tlte  presence  of  this  bacillus.  When  tlie 
pyocyaiiin  is  no  longer  formed,  however,  the  diagnosis  is  by  no 
easy,  particularly  when  (he  jiathogcuic  properties  arc  also  gone. 
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Badllns  Protons  Vulgaris. 

This  bacillus,  which  is  one  of  the  most  coimnoii  and  widely  dis- 
tributed pulrefat-livf  Iwctcria,  was  disc<)vered  by  Iluiiser  (1SS5)  iilong 
with  other  species  of  i>i-oteus  in  putrefying  ,«ijbstances.  These  bacteria 
wen-  fnrmerly  inrluded  under  the  name  "bacterium  temm"  by  pre- 
vious ^lv'«r^'crs,  who  »]>plied  this  nAme  to  any  minute  motile  bjicilli 
found   in  putrefying  infusions. 

Morphology. — BhciIH  vHrying  greatly  in  size;  most  commonly  occur- 
ring O.fi.u  broad  and  1.2/i  long,  but  shorter  and  longer  forms  may  also 
be  seen,  even  growing  out  into  flexible  liluineuts  which  arc  sometimes 
more  or  less  wavy  or  twisted  like  braids  of  hair. 

The  I>acilliis  does  not  form  spores,  and  .ttains  reailily  with  fiichsin  or 
gentian  violet. 

Biology. — An  aerobic,  facultative  anaernhir,  lifjiief_>'inp,  motile  barilhis. 
Grows  rapidly  in  the  usual  culture  media  at  the  room  temperature. 

Growth  on  Gklatix^ — ^The  growth  upon  gelaiin  plafes  containing  5 
per  cent,  of  gelatin  is  very  clmnicteristic.  At  the  end  of  ten  or  twelve 
hours  at  rmim  tempemtnrc  siiiall,  nanid  ilrpressinns  in  tlie  gelatin  are 
oljsen'e*!,  which  contain  li(|uefied  gelatin  and  a  whitish  muss  consist- 
ing of  bacilli  in  the  centre.  L'nder  a  low-power  lens  these  depressions 
are  seen  to  be  surrounded  by  a  radiating  zone  composed  of  two  or 
more  layers,  outsitle  of  which  is  a  zone  of  a  single  layer,  from  which 
amu*ba-like  processes  extend  upon  the  surface  of  the  gelatin.  These 
procp-sses  are  constantly  undergoing  changes  in  their  form  and  posi- 
tion. The  young  colonies  deep  down  in  the  gelatin  are  somewhat 
more  compju-t,  and  roumled  or  humpbacked;  later  they  ore  covered 
with  soft  down:  ihen  they  form  irregular,  nuliatitig  niassrs.and  sinui- 
late  the  sujierficial  colonics.  But  it  Ls  diffirnlt  to  ilescrilH*  all  the  forms 
which  the  pntteus  vnlgjtris  takes  on  in  jdl  tlu-  stagc.'i  of  its  growth  on 
gelatin  plates.  When  the  consistency  of  the  medium  is  more  solid, 
as  in  1U  per  cent,  gelatin,  the  liquefaction  and  migration  of  surface 
colonie.s  are  more  or  less  retarded.  In  fjdaiin-stirk  cultures  the  gmwih 
\s  less  characteristic — li<iuefaclion  takes  place  rapidly  along  the  line 
of  puncture,  and  soon  the  entire  c<»ntents  of  the  tube  at*-  litjueHed. 

l"l>on  mttn'mt  nijiir  a  rapidly  spreailiug,  moist,  thin,  grayish-white 
layer  appears,  and  migration  of  the  colonies  aLso  occurs.  }filk  is  coagu- 
lated, with  the  pmduriinu  of  iicid. 

Cultures  tn  media  ninlaining  albumin  or  gelatin  have  a  disagree- 
able, putrefactive  wlor,  and  Wcome  alkaline  in  reaction.  Gmwth 
is  moat  luxuriant  at  a  temjKTature  of  24°  C,  but  is  plentiful  also  ut 
37'  C.  It  is  a  facultative  anaerobe  and  grows  also  in  the  absence  of 
oxygen,  but  the  proteus  then  loses  its  power  of  liqucfving  gelatin.  It 
produces  indol  ami  phenol  from  jx'ptone  solution.^.  The  proteus 
develops  fairly  well  in  urine,  and  decomposes  urea  into  carbonate  of 
ammonia. 

Pathogenesis. — This  bacillus  is  pathogenic  for  rabbits  and  guinea- 
pigs  when  injected  in  large  quantities  into  the  cirailation,  the  abdora- 
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\ne\  CAvity,  or  aiibciitancously,  pmlucitig  death  of  the  onimaLs  with 
symptoiTi:^  of  poisiHiiiif;.  Hhusct  has  oltiaiiird  the  liarilliu*  |ihiU'ns 
Tulguris  fnmi  a  ruse  of  [Kinilent  peritonitis,  from  punileiil  pufq)eni[ 
en<lumetriti:j,  uml  from  n  plile^'niuiiuiis  uitlatiiiimtion  of  the  HuikJ. 
Brunner  also  reports  similar  infections  in  which  thLj  or^nisiii  was 
fotuul  ussocinteil  with  pus  cocci,  und  Charrin  describes  a  cujie  of  pleu- 
riti-s  durinp  preniiaiiry,  in  which  the  proteiis  was  present  and  a  foul- 
snielliiig  .seereiiiiti  was  pKidiicer!.  Death  in  this  ease,  whicli  ensueil 
without  further  loniphrHticm,  is  said  to  tiave  Iieen  due  probably  to  the 
puisitiiou^i  pnMhu'I-s  of  the  pn)(eus. 

An  interestinf;  example  of  pure  to\a>mia  resulting  from  the  to\in 
of  the  proleUH  iji  n-jiorled  hv  liCvy:  AV'hilt-  nitidiicttnK  .siiine  experiiiwnts 
on  this  orpiuisin  he  had  an  opportunity  of  making  a  baeleriolugical 
exnniiiintion  in  the  ca.se  of  a  man  who  died  after  n  short  attack  of  cholem 
morbus.  From  the  vuiiiited  material  an4l  the  slooLs  he  obtained  a 
pure  culture  of  the  proteus;  but  the  blood,  collected  at  tl>e  nutopsy, 
was  sterile.  In  the  mean  time  seventeeu  other  |>ersons  who  had  eaten 
at  the  -•iaiue  rt'stauraiit  wen*  taken  stck  in  the  same  way.  Upon  exaini- 
natioii  al  tlie  restaurant  it  was  found  thiit  the  luittom  of  tlie  ice-t-hesl 
ill  wliicli  the  meat  whs  kept  was  eoveretl  with  a  slimy,  brown  lajrr, 
which  pive  <iir  u  disBpreeable  odor.  Cultures  from  this  gave  the  (ir«»- 
teus  as  the  principal  uranism  present.  Injections  into  iininmls  of  the 
pure  cultures  pro<luced  similar  .symptoms  as  ix;curre<l  in  the  human 
subjects. 

T^vy  concludes  that  in  so-called  "Hesh  poisoning"  bacteria  of  this 
gniup  aif  chiefly  cotifTrnril.  and  that  the  pathogenic  effet-l-*  are  due 
lo  toxic  pnxhiicts  evolved  during  their  development. 

Ihiiiker,  fn>ni  his  exteriditl  n-.scart-hes  iiilci  this  subject,  eonrhides 
that  the  proteus  plays  an  important  [mrt  in  the  production  of  tlie  moi^ 
bid  s\'ntptoms  which  clmraclerize  cholera  infantum.  Proteus  vulnnri^s 
WHS  found  in  the  alvine  discharge  in  a  large  proportion  of  the  cases 
examinefl  by  him.  but  was  not  found  in  the  feces  of  healthy  infan(:j. 
"The  prominent  symptoms  in  the  cases  of  cholera  infantum  in  which 
the  proteus  bacteria  were  found  were  drowsiness,  .stupor,  and  great  re- 
duction in  Hesh,  more  or  less  collapse,  fm|uent  vomiting  and  purging, 
with  watery  and  generally  nffensive  stools." 

.\e.\l  to  the  iMtcilhts  coh  couminiii.s  the  pmtens  vidgaris  appears  to 
he  the  inicriw>rganisin  most  frefpiently  coneertied  in  the  etiology  of 
pyelonephritis.  In  cases  of  cystitis  and  of  pyelonephritis  tliLs  l>acfllus 
ts  often  found  in  pure  cultures  or  a'tsociatetl  with  other  bacteria.  It 
probably  gets  into  the  bladder  chietly  through  catheterization.  Fnim 
the  animal  experiments  of  the  authors  above  mentione<l.  .«imple  injec- 
tion of  pure  cultures  of  proteus  into  the  })latlder,  without  artificial  sup- 
pression of  urine,  invariably  prorluces  .severe  cyslitis.  The  fact  tliat 
thi.s  organism  grows  in  urine  is  su^cJeui  to  acconnt  for  the  extea^ion 
of  the  purulent  process  finally  to  the  kidnevs. 

Tlie  proteus  vulgaris  is,  however,  a  lianiiies,s  pHm-site  wlien  hwateil 
in  the  mucous  membi^ne  of  the  nasal  cavities.     Here  it  only  decotn- 
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poMS  the  (wcr^lions,  with  the  prwliiclion  of  a  putrefactive  odor.  On 
the  whole,  cnnsifUTiiig  the  very  wide  rhstrilnitioti  "f  tliis  orgiinisni  in 
nudire,  it  is  remarkable  how  few  diseases  are  produced  by  it. 

The  Group  of  Malig^nant  OSdema  Bacilli. 

'nils  jiniup  is  widely  disirihuied,  l»eiti^'  found  in  the  superfieial  layers 
of  the  soil,  in  putrefying  suVistances,  in  foul  water,  and  by  invasion 
ftvra  the  intestine,  in  the  blood  uf  animals  which  have  been  suffocated. 
One  such  orj^anisni  wft,s  discovered  (1S77)  by  Pasteur  in  animala 
after  injections  of  putrefying  li(|ui(is,  and  named  by  him  "vihrion 
septique."  He  recognizee!  its  anaerobic  nature,  but  did  not  obtain 
it  iti  pure  cullun*.  Koch  and  Gaffky  (l.SKl)  carefully  studieil  this 
micro-oi^anisin,  described  it  iix  detail,  and  gave  it  the  iian»e  "bacilhis 
ledeniatis  iiudigni"  fFig.  1 1-">).  'l"bis  baeiUus  lielonKS  to  a  j^roup 
which  hiive  Ititeml  flagellie,  prtnUice  oval  spores, 
and  ffrow  only  unaeroI>ically. 

Mofpboioyy.^The  axlemu  bacillus  is  a  rod  of 
from  O.S/i  to  I/'  in  width,  and  of  verj"  vari'ing 
lenf^th.  from  2/*  to  IO«or  more,  according  to  the 
rnndilinns  of  iti  cultivation  and  growth.  It  s 
u.sually  found  in  pairs,  joined  en<l  to  end,  but 
may  ■X'cur  in  ctmins  or  long  fil!inieiit.s.     It  fomiji 

spcjres,  and  these  are  situated  in  or  near  the  luoiiiiw  irfinaHgMiH  «*■»•,( 
middle  of  the  b<idy  i>f  the  nx\s.  Kxceptioually 
tlie  spores  are  near  the  ends.  The  spores  vary  in  length  and  are  oval 
in  fonn,  U'ing  often  of  greater  diameter  than  the  bacillij  to  which  they 
gire  a  more  or  less  oval  or  spiniile  sha{ie. 

The  bacilli  stain  readily  by  the  usual  aniline  colors  employed,  but 
are  de<i>Iorize<l   by  tirani's  method. 

Biology. — A  strictly  aimrnibic,  lii[uefyiMg,  motile  bacillus.  Forma 
spores.  It  grows  in  nil  the  usual  culture  niediii  in  the  absence  of  oxygen. 
I>evelopment  lakes  place  Ht  20°  C,  but  nioiv  rapidly  and  abundantly 
at  3?>  C. 

finnwcii  jN  Gki^tiv.  — This  bacillus  may  W  cultivated  in  onlinary 
iniirieiii  gi'lalin,  but  the  gn>wth  is  nion^  abundant  in  ghtcnae  t/datm 
cojjtaining  1  or  2  jjer  cent,  of  glucose.  After  two  to  three  days  small, 
almost  tniii.spart.'nt.  circular  colonies  appear  ^  to  1  mm.  in  diameter. 
I^ter,  as  liquefaction  increases,  the  colonies  ll>ec<mie  gmyl*h  and  then 
confluent.     Gas  bubble.'^  are  funned  and   llie  gelatin  Ii(|uefie3. 

(iRitWTII  ON  .\oa«. — On  agar  plates  the  i-idouies  appear  as  dull, 
whitish  points,  irregular  in  outline,  and  when  exantined  tntder  a  low- 
power  lens  are  seen  to  Iw  composed  of  a  ilense  network  of  iuterhieing 
threads,  radiating  irregidarly  fn>i]i  the  centre  towanl  llie  pi*riplier)-. 

A/iW  wrnim  is  rapidlv  liqiie(ie<l,  with  the  proluction  of  gHS.  Cultui-es 
of  the  malignant  u-deruu  bacillus  give  off  a  peculiar,  diagreeable  o<lor. 

Pathogeneali. — The  bacillus  of  malignant  ii'<3ema  is  esywcially  patho- 
genic for  mice,  guinea-pigs,  and  rabbits,  although  man,  horses,  dogs, 
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goitts,  sheep,  calves,  pigs,  chickens,  and  pijjeons  are  also  susceptilile. 
A  simill  rjUiiTitily  of  a  purr  rultiin'  iiiji'deil  liencath  the  skin  of  a  siis- 
ct'plible  uninml  ^ives  rise  to  an  extensive  bemorrhanie  ciHJenm  of  the 
sulK'titant'oiis  connective  ti^iie,  which  extends  over  the  entire  surface 
of  tlie  alHloinen  and  ilii>rax,  causing  hyiienemia  and  re<lncss  of  the 
siiperfirial  muscles.  No  odor  is  developed,  and  there  is  little,  if  any, 
prochictinn  of  gas.  In  infection  with  gan^^en  eartli.  owing  io  the  pres- 
ence of  associate!)  ImcilH,  tlie  tdfused  .senmi  is  frothy  from  the  develop- 
ment of  pas,  and  possesses  a  putrefactive  odor.  The  disease,  in  nuturai 
infeelion  caiiseil  hv  the  coittniuination  of  wounds  with  earth  or  feces, 
runs  the  course  aUove  descril>e(i.  Simple  alirusvon  of  ihc  skin  Is  not 
sufficient  to  produce  infection;  owing  to  the  bacilhis  being  capable  onW 
of  an  anaerobic  existenw.  (he  pi)ison  must  penetrate  deep  into  tlje 
tissues.  Malignant  (edema  is  confined  ma'^tly  to  the  domestic  animnls, 
but  cases  have  also  been  reportc<l  in  man. 

.\ninutls  which  recover  from  nudignant  fptlenia  are  8ul>se<juenl!y 
imiinine,  Artificial  iinnumily  may  l>e  induced  in  guinea-pigs  by  inject- 
ing Bhered  cuhures  of  the  rnahgnaiit  (i-denia  Imeillus  in  harmless  tpiaii* 
tities. 

In  nmu  the  chief  s\niiptom  Is  the  sudden  appearance  of  an  (edeinalous 
swelhng  ncc<>nipanied  by  high  fever.  Tn  liglil  cases  this  remains  i-ir- 
cwnscribed;  in  .severe  cases  it  spreads  widely  and  the  case  ends  fatally. 
Autopsy  shows  a  serous  or  hemorrhagic  infiltration  of  the  subcutaneous 
tbwues  and  intramuscular  connective  titiue.  In  the  iufianwii  tissue 
the  haeilh  with  and  without  spores  are  found. 


Badlliis  Aerogenea  Capsiilatus. 

This  bacillus  was  found  by  Welch  in  the  bloodvessels  of  a  patient 
suffering  with  anrlic  aneurysm ;  on  autopsy,  made  in  cool  weather,  eight 
hours  after  death,  the  ve.ssels  were  obser^'ed  to  f»e  full  of  gas  bubbles. 
Since  then  it  has  l>een  found  in  a  nund>er  of  cases  in  which  gas 
has  develo|)ed  fmm  within  sixty  hours  of  death  imtil  some  hours  after 
death.  These  cases  are.  as  a  rule,  nmrked  by  deliriuni,  rapid  puls«, 
}iigh  tein|H'mture,  and  tlie  ik-velopineiit  of  euiphysenia  and  discoUtru- 
lion  uf  (he  diseased  area,  or  of  marked  ubtluininal  distention  wlien  the 
peritoneal  ca>'ity  is  involved. 

Morpholo^.^ — Straight  or  sUglitly  cun-ed  rods,  with  rounded  or 
Sfunetimes  square-cut  ends;  somewhat  thicker  than  the  antbnix  l>acilli 
and  varying  in  length;  occasionally  long  threads  and  chains  are  seen. 
The  bacilli  in  the  aiiiniat  body,  and  sometimes  in  cultures,  are  enclosed 
in  a  traJisparent  capsule. 

Biology.— An  anaerobic,  non-motile,  non-lif|uefying  bacillus.  Does 
ntit  fnmi  spores.  Gnnvth  is  ntpid  at  37"  C,  in  the  u.siial  culture  meiHa 
in  the  absence  of  o.xygen,  aud  is  accompanied  by  tlie  priKluction  of 
gas.  SvtrierU  geiatin  is  not  liquefied  by  the  growth  of  this  bacillus, 
but  it  Is  gradually  peptonized.  In  agar  colonies  are  developed  which 
are  from  1  to  2  ram.  or  more  in  diameter,  grayish-white  in  color,  and 
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in  tlie  form  of  flattened  spheres,  ovals,  or  irregular  mnsses,  beset  with 
hair-like  projeclious-  liouillon  h  ».li[fuf>i']y  clouded,  and  a  white  sedi- 
ment is  fnnned.    MUk  is  nipidly  coaKiilated. 

Pathogenesis. — L'sually  noii-patlH~^nic  in  healthy  animals,  atthougli 
Dnnhiiiii  foimil  that  the  hnrillus  taken  freshly  from  human  infection 
is  sunielitnes  verir'  vindent.  When  tpianlilics  up  to  2.5  v.v.  of  fresh 
iMiuillim  euhures  are  injeeted  into  tlie  eireulatioii  of  r:d)I)ils  and  the 
animals  kil!e<l  shortly  after  (lie  injeetinu,  the  !»aei!H  lievelop  rapidly, 
with  an  abundant  formation  of  gas  in  the  bhxMlvesseb  and  oi^ns, 
esfKrcially  the  liver.  The  followinj;  is  one  of  the  Ix-st  methods  of  obtain- 
ing the  bacilli:  The  material  suspected  to  contain  the  bacillus  alone 
or  associate<l  with  other  bacteria  i.^  injected  into  rabbits,  which  are 
killed,  kept  at  HT"  C,  and  cultures  made  twenty-four  hours  later  from 
their  bodies. 

It  is  suggested  by  Welch  that  in  some  of  the  eases  in  which  deatli 
ha-s  been  attributed  to  tin*  rntniiHr  of  air  into  the  veins  tin-  ga.s  fmind 
at  the  autopsy  may  not  have  been  atmospheric  air.  but  may  have  Ik  en 
produced  by  this  or  some  similar  niicm-orgaiiism  eiiteriiig  tlie  cirt'ida- 
tion  and  developing  shortly  before  and  after  death.  The  bacillus  baa 
been  found  in  the  dust  of  hospitals. 


CHAPTER    XXTX. 

THE  AXTllRAX  HACILLrS  AXD  THE  nACH,LUS  OF  S^'lEPTOMATIC 

ANTHIIAX. 


BacilluB  Anthracis. 

Anthrax  is  an'  acwte  infet-tious  dLsease  which  is  verv  prevalent 
amoii^  animals,  particulariv  sheep  bikI  cattle.  Geofrrapliiailly  and 
Korilonically  it  is  (he  must  widesprfjui  of  nil  iiifectiuus  rJisonk'rs.  It 
is  much  more  common  in  Kuro|>e  and  in  Asia  than  in  America.  'Vhe 
ravafjes  among  henis  of  cattle  in  Russia  an<l  .^iberia,  and  amon^;  sheep 
in  certain  jiarts  of  France,  Hnngarv,  (rtriiiany,  Persia,  Htiil  Imiia 
are  not  equalled  h_v  any  other  arltnal  pLtjjue.  Local  epidrniics  have 
occasionally  *icciirred  in  Kii^latnl,  wlicrc  it  Ls  known  as  splenic  fever. 
In  tills  country  the  diseiise  is  rare.  In  infected  districts  tin*  greatest 
losses  are  incurred  during  the  hot  nioiitlis  of  sumnier. 

The  rlisease  also  occurs  in  man  as  (he  result  of  infection,  either 
through  the  skin,  the  intestines,  or  in  rare  instances  tlirougli  the  lunRs. 
It  is  found  in  persons  whase  occupations  bring  thcni  into  contact  with 
animals  or  anininl  prmhirts,  as  .stahlenicr.  shepherds,  tanners,  hutchent, 
and  those  who  work  in  wool  and  hair.  Two  fonns  of  the  disease  ha\-e 
l>een  de.scrilied — the  extcnial  antlinix,  nr  maltpiant  pustnle.t,  and  tl»e 
iiiternitl  anihnix,  of  which  tlieiv  an*  intcstiiial  and  pulmonary  fonns. 
tlie  latter  JK^ing  known  as  "wool-sortei-s'  disease." 

Owing  ii»  the  fad  (hat  anthra.v  wa-s  the  fii-sl  infectitais  di-sease  which 
was  shown  to  l>e  causwl  Ijy  a  specific  micro-organism,  mid  to  the  close 
study  which  it  received  ui  cimsequence,  this  diseas4'  haa  prohalily  con- 
tributed more  to  our  general  knowledge  of  bacteriologj"  than  any  other 
infeclioiLs  malady. 

Pollender  in  1K49  ol»served  that  the  blood  of  ardinals  siitfering  from 
.splenic  fever  nlways  containe<l  minute  rfwl-shaped  Imcteria.  Davaine 
in  ISfi,1  announced  to  the  French  Aciidenty  of  Sciences  the  results  of 
Ins  iiuK'ulation  cxperiinciil.s,  and  asscrtcfl  tlic  etiologicHJ  ndutions  of 
the  micro-ot^anisni  to  t)ie  dlsea.se,  u  ith  which  his  investigation  shownl 
it  tn  l>e  constantly  a.s.six'tattMl.  Kor  a  long  time  this  conclusion  was 
energetically  oppose<l  until,  in  lX7f*,  Pasteur.  Koch,  and  otliers  estab- 
lished its  tnith  by  obtaining  the  bacillus  in  pure  cultures,  and  sliowing 
that  llie  inwulatiori  of  these  <'ultures  proiiuce*!  anthrax  in  susceptible 
animals  as  certainly  as  did  the  blood  of  an  animal  recently  dead  from 
the  <lisea.<ie. 

Morphology. — Slender,  cylindrical,  non-motile  rods,  having  a  breadth  of 
\fi  to  1 .25/i,  and  ranging  from  2,"  or  3,"  to  20/i  or  '25/t  in  length.    Some- 
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times  short,  isolated  rods  are  seen,  aiui,  agnin,  shorter  or  loiij^r  chains 
or  threa4l$  made  up  of  several  rtnls  joineti  end  to  end.  Tn  suitable 
culture  meiiia  very  long,  Hexihle  Hlainents  may  lie  ol»ser%'e<l.  which 
are  frequently  united  in  twiste<l  or  plaited  cord-like  bundles.  (See 
Kig.  IIR  and  Kip.  H.  p.  '2\),  and  Fip.  17,  p.  X\.)  These  filamenls  In 
hanpinK-<lrop  cidtures,  l»ef(fre  the  development  of  spores,  appeur  to 
lie  homogeneous  or  nearly  sn;  but  in  stalneii  preparations  they  are 
s«rn  to  be  connxmr^l  of  a  series  of  rectimgular,  deeply  st«ineil  sedmenls. 
When  oblainen  tlireetly  from  the  blood  of  an  infected  animal  the  free 
ends  of  the  n»ds  are  slifjhtly  nmncled,  but  those  cominji  in  contact  with 
one  another  air  (juite  .s<|uiire.  In  cultures  the  end*i  are  seen  to  be  a 
triiie  thicker  than  the  iMwIy  of  the  cell  mid  sociiewlmt  concave,  giving 
the  appearance  of  joints  of  baml>oo.  At  one  time  much  stress  was 
laid  u|X)n  these  ]}eculiiinries  '^a  distinf^uishing  marks  of  tlie  anthrax 
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Eillua;  but  it  has  been  found  tlittt  they  nrc  the  effects  of  artificial 
ndfivation  and  not  necTSsarity  characteristic  of  the  orpanism  under 
all  conditions.  Another  [XTuliarity  of  this  bacillus  Ls  that  it  is  encloscfl 
in  a  transparent  envelope  or  capsule,  which  in  stained  preparations 
may  he  dUtingtiished  by  its  takinjj  on  a  lighter  stain  tlian  the  deeply 
stainett  rods  which  it  surniunds. 

I'nder  favdrabit-  fonilitioii.s  in  cultures  sj>i">res  arc  devcU>|R'd  in  the 
bacilli.  These  spores  arc  elliptical  in  shape  anil  alto ut  one  and  a  half 
times  longer  than  broad.  They  first  appear  as  small,  refractive  ^anules 
distributed  at  regular  intervals,  one  iti  each  rod.  As  the  spore  develops 
the  mother-cell  liecomcs  less  and  le.>*s  distinct,  until  it  disap|)ears  alto- 
gether, the  complete  oval  spt>rc  l>eing  set  free  by  lis  dissolution.  (See 
Fig.  117,  Fig.  l.'i,  p.  2(^  and  Fig.  17,  p.  33.)  Irregular  sporulation 
sometimes  takes  phK>e,  atid  occasionally  there  is  no  spore  formation, 
as  in  varieties  of  nun-^}>o re- bearing  anthrax. 
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Staining. — The  anthrax  bacillus  $fa'm8  rpatlily  with  all  the  aniline 
colors,  and  also  by  Gram's  method,  when  not  left  too  long  in  the 
dw'olorizing  .solution.  In  .Heetiotis  gowl  n*snlt.s  may  l>e  obtained  by 
the  employment  of  Gram's  solution  in  eombination  with  cannine, 
but  wlieu  only  a  few  Imeilli  are  present  this  nietlK«l  is  not  always  reli- 
able, Rs  .some  of  the  haeilli  are  generally  decolorized. 

Biolofry. — 'I'he  anthrax  Imeillus  grows  easily  in  a  variety  of  nutrient 
media  at  a  temperalun-  fmni  1S°  to  43°  C,  37°  C.  beinjf  the  most  favor- 
able temperature.  C'uder  12°  C  no  development  takes  place,  as  a  rule, 
though  by  f^radually  accustoming  the  hacilln.s  to  a  lower  temperature 
it  may  be  induced  to  prow  under  these  conditions.  Tnder  14°  C.  and 
alwjve  13°  ('.  sp>re  fonnatioii  eejuses.  The  lower  limit  of  growth  and 
of  s|>urulatinti  i.s  of  practical  signiHennee  in  determining  the  question 
whetlier  development  can  oceur  in  the  liodies  of  animals  dead  from 
anthrax   when  buried  at  rertnin   dcptlis  in   the  earth.     Kitasato  has 
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shown  that  at  a  depth  of  1.5  metres  the  earth  in  July  has  a  tempera- 
ture of  15°  <*.  ar  most,  and  that  undiT  ihese  conditions  a  scant)-  sporu- 
lation  of  antlirax  btieitli  is  jxrssiblc,  lint  that  at  a  depth  of  2  metres 
S|)ortilation  no  longi-r  occurs.  'I'hc  anthrax  l>acilhis  is  aerobic — tliat 
is,  its  gniwtli  is  considerably  enlianccfl  by  the  presence  of  oxygen — 
bul  it  gniws  al.so  luider  anaerobic  cnruHtions,  as  is  shown  by  its  growth 
at  the  buttuni  of  ihf  line  of  puncture  in  stick  cultures  in  solid  media; 
but  under  these  conditions  it  no  longer  pnxluccs  the  peptonizing  fer- 
ment wliicli  it  d(K's  with  free  access  of  air.  Furthenuore,  the  presence 
of  oxygen  is  absolutely  neccwar)*  for  the  formation  of  spores,  while 
carlwnic  a<'id  gas  retards  sporulation.  This  explains,  perhaps,  why 
spomlation  does  not  take  plaiv  within  the  animal  Ixnly  »ther  before 
or  after  death. 

This  bacillus  grows  bt-st  in  neutral  or  slightly  alkaline  media.     It 
may  Ije  cultivated  in  infusions  of  meat  or  of  various  vegetables,  in 
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urine,  etc.,  provided  the  reaction  be  not  decidedly  acid,  which  arrests 
development.  It  grows  in  cow-dunjj  and  in  more  or  less  contaminated 
earth.  It  is  also  capable  of  It-juling  a  saprophjtic  existence.  The 
bacillus  is  non-motile. 

Gh'uvtu  in  Gei,.\ti\. — In  r/cJaliu-jiiate  cullnres,  at  die  end  of  twenty- 
four  to  thirty-six  hours  at  24''  C,  small,  white,  opaqiio  polonies  are 
developed,  which,  under  a  low-fwwer  lens,  are  seen  to  be  dark  gray  in 
the  centre  and  surrounded  by  a  greenish,  inx'j,'ular  Iwrder,  made  up  of 
wavy  filameuLs.  As  the  colony  develops  on  the  surface  of  the  ^latiti 
the^e  wavy  filaments  spread  out,  until  finally  the  entire  colony  consists 
of  a  light-gray,  tangled  mass,  which  lias  been  likened  to  a  Medusa  head 
(Fig.  118). 

At  the  same  time  the  gelatin  l>rgins  to  liquefy,  and  the  colony  is  soon 
surrounded  by  the  liquefied  rae<lium,  upon  the  surface  of  which  it  tloats 
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OS  an  irrcffiilar,  white  pellicle.  In  gelatin-stick  cultures  at  first  develop- 
ment occurs  aloii;;  the  line  of  puncture  as  a  delicate  white  tlirtad.  from 
which  irregular,  hair-like  projections  soon  extend  perpendicularly  into 
the  culture  medium,  the  growth  being  most  luxuriant  near  the  surface, 
but  continuing  also  below.  At  the  end  of  two  or  three  days  liquefaction 
of  the  medium  commences  at  the  surface  and  gradually  progresses 
downwarti. 

Growth  ox  .A.g\r.— The  growth  on  ngnr-piate  eitUvres  m  the  incu- 
bator at  37*  C.  is  -*ii])ilar  to  that  on  gelatin,  and  is  still  more  character- 
istic and  beautiful  in  appearance.  A  grayish -white  layer  is  formed  on 
tlie  surfa<'f  within  twenty-four  hours,  which  sprea<ls  rapidly  and  is 
seen  to  be  made  up  of  interlaced  threads. 

Growth  in  Bouillon. — The  growth  is  charactenze<l  by  the  forma- 
tion of  flaky  ma.'^ses,  which  .iiink  as  a  sediment  to  the  bottom  of  tlie 
tube,  leaving  the  supernatant  liquid  clear. 
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Spoir  formution,  as  aln-atl^  notett.  only  \tt\ws  place  in  the  pi 
ence  of  oxygen,  ami  at  a  tfinperature  of  15°  to  4^  C.  Therr  is  no 
development  of  spoix's  at  a  jfrc-ater  depth  than  1.5  metres  in  the  earth, 
or  in  tlie  Ijodies  of  living  or  dead  animals;  but  s|>ores  may  W  fimnd 
in  the  fluids  containing  the  iNicilli  when  these  come  in  contact  isith 
the  air,  as  in  bloody  discharges  from  the  nostrils  or  from  tin-  bnweU 
of  the  ilrad  animal. 

Then-  ai"e  certain  non-spore  bearing  species  of  anthrax.  Spopeleaa 
vftrielie-s  have  also  Iwen  prmhiced  artificially  by  cultivating  the  typical 
anthmx  bacillus  under  unfavorable  conditions,  among  which  may 
be  tnenliiined  the  addition  of  anti:icpti(-.s,  as  carlMilic  acid.  \"arieties 
differing  in  tlieir  pathogciuc  [M>wer  may  also  be  pitHluce<i  arlifirially. 
Pasteur  produce*!  an  "attenuated  virus"  by  keeping  his  culturen  for  a 
cwnsidcrablc  time  before  replanting  them  upon  fa-sh  soil. 

Anthrax  cultures  containing  spores  retain  their  vitality  for  vt-iirs; 
in  the  absence  of  spores  the  vitality  is  much  more  rapidly  lost.  \Mien 
grown  in  litpiids  rich  in  alliumin  llie  bacilli  attain  a  considerable  degree 
of  resistance;  thus  dried  anthrax  blood  has  been  found  to  retain  its 
virulence  for  .^xty  days,  while  dried  iKmillou  cultures  only  did  ao  for 
twenty-one  days.  Dried  anthrax  S|M>res  may  be  preserved  for  many 
years  witliout  losing  their  vitahty  or  virulence.  They  also  resist  a 
coniparalivcly  high  temperature.  Ex(>iised  in  dry  air  Uiey  require  a 
temjwrature  of  140"  C.  maintained  for  three  hours  to  destroy  tliem; 
but  suspended  in  a  liquid  thev  are  destroved  in  four  minutes  by  a  tem- 
perature of  KK)°  C. 

PathogoneBi«. — The  anthrax  bacillus  is  pathogenic  for  eaitle,  sheep, 
(except  the  Algerian  race),  horses,  swine,  mice,  guinea-pigs,  and  rabbits. 
Rats,  cats,  dogs,  chickens,  owls,  pigeons,  and  fn>gs  are  but  little  su.s- 
oeptible  to  infection.  Small  birds — the  sparrow  partictdariy — are 
somewhat  sustreptible.  Man,  tliuugh  subject  to  local  infection  and 
occasionally  to  interna!  fonns  of  the  disease,  is  not  as  susceptible  as 
some  of  the  lower  animals. 

In  susceptible  animals  the  antlirax  bacillus  pro<iuces  a  true  septi- 
csmia.  Among  test  animals  mice  are  the  most  susceptible,  succumb- 
ing to  very  minute  injections  of  a  .slightly  virulent  nnjs;  next  guinea- 
pigs,  and  lastly  rabbits,  both  of  these  animals  dying  after  inoculation 
with  virulent  bacilli.  Infection  is  mo.st  promptly  produced  by  intro- 
iluction  of  the  bacilli  into  the  cin-ulation  or  the  li.«^sues.  but  inocu- 
lation by  contact  with  wounds  on  the  skin  also  causes  infection.  It  is 
dUficiih  In  prmhice  infection  by  the  ingt-.-jilon  even  of  sjioreii;  but  it 
may  readily  be  caused  by  inlialution,  particularly  of  spores. 

Subcutaneous  injections  of  these  susceptible  animals  rrsults  in 
death  in  from  one  to  three  tWys,  ('omparatively  little  local  reaction 
occurs  immediately  at  the  point  of  inoculation,  but  t>eynnd  this  there 
is  an  extensive  tEflema  of  tlie  ti.ssues.  \'ery  few  bacilU  are  found  in 
tlie  blot>d  in  the  larger  vessels,  but  in  the  internal  organs,  and  especially 
in  the  capillaries  of  the  Hver,  the  kidneys,  and  the  lungs,  they  are  prp^»ent 
in  great  nmnbers.     In  .'wnic  pla<:es,  as  in  the  gtonieniU  of  the  kidneys, 
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e  capillaries  will  l>e  seen  lo  be  stuiTetl  full  of  bai-'ilH,  tuul  hemor- 
rhajp's.  probably  due  to  nipiurc  of  capillnries  by  the  mechaniciil  pressure 
of  tbf  bat'illi  which  iire  dL-vclopin^  witliiii  tliuin,  may  ot't-ur.  The  patho- 
loj^cal  lesions  in  animals  infected  by  anthrax  are  not  marked  except 
in  the  spleen,  wlilch.  as  in  other  forms  of  septicffiinia,  is  greatly  enlarged. 
Occmrence  in  Cattle  and  Sheep. — Cattle  and  sheep  are  atTecled  chiefly 
with  ihi'  intestinal  form  of  anthrax,  infection  in  these  animals  com- 
jmonly  resulting  from  the  ingestion  of  food  eontaining  spores.  The 
ilhis  itself,  in  the  absence  of  spores,  is  quickly  destroyed  by  the 
c  juice.  The  disease  usually  takes  a  rapid  course,  and  the  inor- 
is  high — 70  to  80  per  wnt.  Tlie  pathologicttl  lesions  e<insist  of 
numerous  cirhymoscs,  enlargement  of  ihv  lymphatic  glands,  scmus, 
^^atty,  and  hemorrhagic  infiltration  of  the  mediastinum  and  mesentery, 
^Kf  the  mucous  membranes  of  the  phar^Tix  and  lar\'nx,  ami  particularly 
^^M  the  duodenum,  grt^at  enlargement  of  the  spleen,  an<l  paivnchymatous 
PKianges  in  the  IjTnphatic  organs.  The  hlood  is  very  dark  and  tar-like, 
'      RacilU  are  present  in  i^nonnous  masses. 

'  Sheep  are  also  subject  to  extenml  anthrax,  infection  taking  place 

by  way  of  the  skin;  cattle  are  seldom  infcctcil  in  this  way.  At  the  point 
I  of  inneulatlon  (here  develops  a  bard,  circuniscriljed  Iwil — the  so- 
called  anthrax  carbuncle;  or  there  may  be  diffuse  axicma,  with  great 
I  swelling  of  the  parts.  AMieii  death  occurs  the  app**arjinccs  i%tv-  similar 
^^o  those  in  intestinal  anthrax,  except  that  the  duodenum  is  usually 
^■ess  affected;  but  in  all  cases  metastasis  occurs  in  vaiious  parts  of  the 
^H)ody,  brought  alwiut.  no  iloubt,  by  prenous  hemorrhages. 
^P  Occonence  in  Man. — The  disease  does  not  occur  spontaneously  in 
man,  hut  always  results  from  infection,  eitlier  through  the  skin,  the 
intestines,  or  occasionally  by  inhalation  through  the  lungs.  It  is  usually 
produce*!  by  cutaneous  infection  through  inoculation  of  exposed  sur- 
faces—the Imnds,  arms,  iir  face.  Iiiftx-iion  of  the  face  or  neck  would 
ra  to  be  the  most  dangerous,  the  tnortality  in  such  cases  being  20 
r  cent.;  while  infection  of  the  extremities  is  rarely  fatal. 
External  anthrax  in  man  is  similar  to  this  form  of  tlic  disease  in 
imak.  There  are  two  fonns:  malignant  pustule  or  carbuncle,  and, 
■•ss  commonly,  malignant  anthrax  rwlema. 

In  malujnaiit  piuflutr,  at  the  site  of  itioculutions,  a  small  papule 
ilevelops.  which  iH-comes  vesicular.  Iidlainmalury  irniuration  extends 
fttound  this,  and  within  lliirtv-.si\  hours  ihcnr  i.^  a  dark-bmwiiisb  eschar 
in  the  centre,  at  a  little  distjwice  from  wliicli  then*  may  bi*  a  series  of 
nnall  vesicles.  The  hmwny  induration  mav  lie  cxtif  mc.  There  may 
also  ln'  considerable  uedcma  of  the  [)arts-  In  most  easi-s  tliere  is  no  fever; 
or  tJie  temperatui-c  at  first  ri.scs  rapidly  and  the  febrile  phenomena  are 
juarked.  Death  may  take  place  in  from  three  to  five  days.  In  cases 
hich  recover  the  .symptoms  are  slighter.  In  the  milde-st  form  there 
may  be  only  slight  swelling. 

Malignant  anihraj-  odcina  occurs  in  the  eyelids,  and  also  in  the  head 
and  neck,  sometimes  the  hand  and  aim.  It  is  characterized  by  the 
,^»ence  of  the  papule  and  vesicle  fonns,  and  by  the  most  extensive 
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oedema.     The  oedema  may  become  so  intense  tliat  gangrene  results; 
such  cases  usually  prove  fatal. 

The  bacilli  arc  found  on  microscopic  examination  of  the  fluid 
from  the  pustule  shortly  after  infection;  later  the  typical  anthra.x  bat^ilU 
are  often  replaced  by  iiivohiliun  forms.  In  tliis  case  resort  may  be 
had  to  cultun'.s,  animal  inoenlation,  or  examination  of  sections  of  tlie 
extirjmtcil  tumor.  Tlir  bacilli  Mv  imt  pn-sciU  in  the  blu<Hl  until  just 
before  death.  ,\long  with  the  anthrax  bacilli  pus  coed  are  often  found 
in  the  pustule  penetrating  into  the  dead  tissue. 

Internal  anthrax  is  much  le.*w  common  in  man;  it  docs,  howcTer, 
occur  now  and  then.  There  are  two  forms  of  this:  the  intestinal  form, 
or  mycosis  intestinalis,  and  the  pulmonic  form,  or  wool-sorters'  dis- 
ease. 

Intesiinfd  anthrax  i.s  caused  by  infection  through  the  stomach  and 
intestines,  and  irsulls  pnibably  fnjin  (he  eating  of  raw  flesh  or  un- 
boiled milk  of  diseasef]  animals.  That  the  eating  of  flesh  from  infected 
anitnals  i.s  comparatively  harmless  is  shown  by  Gerlicr.  who  states  thst 
of  4110  persons  who  were  known  to  have  eaten  such  meat  not  one  was 
alTccted  with  anthrax.  On  tlie  other  hand,  an  epidemic  of  anthrax 
was  produced  among  wild  animals,  according  to  Jan.«en,  by  feeding 
them  on  infectr<l  horse-flr.sh.  It  i>  evident,  therefore,  that  there  is  a 
possibility  of  iiifeetion  being  caiiM'd  in  tliis  way.  The  recorded  cases 
of  iiite-stjnal  anthrax  in  man  have  occurred  in  persons  who  nvire  in 
the  habit  (if  handling  hides,  hair,  etc,  which  were  contaminaled  with 
spores;  in  those  who  were  conducting lulMiratory  experiments,  and  nirely 
it  has  been  produced  by  the  ingestion  of  f<Htd.  such  as  raw  ham  and 
milk.  The  symptoms  producetl  in  this  disease  arc  those  of  intense 
poisoning:  chill,  followed  by  vomiting,  diarrhu-a,  moderate  fever,  and 
pains  in  the  legs  and  back.  The  pathological  lesions  are  similar  to 
those  (le.scril)ed  in  animals. 

Wool-sorterx^  disease,  or  pulmonic  anthrax,  is  foimd  in  large  estab- 
lishments in  which  wool  and  hair  are  sorted  and  cleansed,  and  is  cau.sed 
by  tlie  inhalation  of  dust  eontaminatetl  witli  anthrax  spores.  The 
attjick  ojmes  on  with  chills,  proslratioii,  then  fever.  'Ilie  breathing  is 
rapid,  and  the  padeiit  complains  of  pain  in  the  chest,  lliere  may  be 
a  tvugh  and  signs  of  bronchitis.  The  bronchial  symptoms  in  some 
instsnircs  are  pronounced.  Ueatli  may  ijccur  in  from  two  to  se%-en 
ilays.  The  pathological  changes  pn.>duccd  arc  swelling  of  the  gland» 
of  the  neck,  the  fonuation  of  fcM-i  of  necmsis  in  the  air  passages,  cixlema 
of  the  lungA,  pleurisy,  bronchitis,  enlargement  of  the  spleen,  and  paren- 
chymaltius  ilegeneraUons. 

Prophylaxis  against  Anthrax  Infection. — Numerous  investigations 
have  been  undertaken  widi  the  object  of  preventing  infection  from 
antlirax.  The  efTotts  of  Pasteur  [u  elTecl  immunity  in  animals  by 
preventivr  inocidations  of  "Httenuate<l  virus"  of  the  anthrax  liacilhw, 
opened  a  new  held  of  priHluctive  origuial  rescaR-b.  Following  in  his 
wake  many  others  have  devised  nietho<)s  of  immunization  against 
anthrax  infection;  but  the  one  adopted  by  Pasteur,  Ctiambertand.  and 
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Houx  has  alnnc  been  practically  employed  on  a  large  scale.  Accortling 
to  thest-  authors,  two  autlirax  cultures  of  tJifTen'iit  degrees  of  vinjlenw 
attenuated  by  cultivation  at  42°  to  43°  C,  are  used  for  inoculatioti. 
Vaccine  No.  1  kills  micv.  but  not  giiinea-pijp;  vaeciue  No.  2  kills  guinea- 
pips,  but  not  rabbits,  according  to  Koch,  Gaffky,  and  Locffler.  The 
aniinal<t  to  be  inocii[ale<l — viz.,  sheep  and  eatlle^arc  first  piven  a  .snlv- 
cutaneoiis  injection  of  one  to  several  tenths  of  a  cubic  centimetre  of  a 
four-day-old  bouillon  culture  of  Vaccine  No.  1;  after  ten  to  twelve  days 
they  receive  a  similar  dose  of  Vaccine  No,  2.  Prophylactic  inoculations 
givi-n  in  this  way  have  been  widely  employed  in  France,  Hungary, 
and  Russia,  with  apparently  gi)oi|  results. 

Bacterial  Onltures  lor  Diagnoais.— The  detection  of  the  anllirax 
bacillus  is  ordinarily  not  difficult,  as  this  organism  presents  morpho- 
logical, biological,  and  pathogenic  characteristics  which  distinguish  it 
from  all  other  bacteria.  In  the  later  stages  of  the  disease,  however, 
the  bacilli  may  be  absent  or  diflicult  to  find,  and  cultivation  on  aitificial 
media  and  experimental  inoculation  in  animaU  are  not  always  fol- 
lowed by  positive  results.  Even  in  sections  takL*n  from  the  extirpated 
pustule  it  is  sometimes  difficult  to  delect  the  bacilli.  In  sucli  cases 
only  a  pnibable  diagnosis  of  anthrax  can  be  made.  It  shouM  I>e  remem- 
bered that  the  bacilli  arc  not  found  in  the  blood  until  shortly  before 
death,  and  then  only  in  varying  quantity;  thus  blooci  examinatious 
often  give  negative  results,  though  the  bacilli  may  be  present  in  large 
numliers  in  the  spleen,  kidneys,  and  other  organs  of  the  body.  The 
suspectcxi  material  should  be  streaked  over  nutrient  agar  in  Petri  pbtes 
and  inoculated  in  mice. 

Differential  Dlagnoaia. — Among  other  bacteria  which  may  possibly  be 
mistaken  fnr  arithiax  baeilli  are  the  bacillus  subtilis  and  the  bacillus 
of  malignant  oeilema.  The  former  is  distinguishe<3  by  its  motility,  by 
various  cultunil  peculiarities,  and  by  being  non-pathogenic-  Ttie 
latter  ditTers  from  the  anthrax  bacillus  in  form  and  motiUty,  in  Iwing 
decolorized  by  Gram's  solution,  in  being  a  strict  anacrol>c,  and  in 
various  pathogenic  properties. 

The  diagnosis  nf  internal  anthrax  in  man  is  by  no  means  easy,  unless 
the  history  points  definitely  to  infection  in  the  occupation  of  the  indi- 
ridual.  In  cases  of  doubt  cultures  sliouUI  \\e  maile  and  inncniations 
pe-rfonned  in  animals.  According  to  Comil  and  Ilabes,  some  of  these 
C&ses  may  possibly  be  caused  by  organisms  other  than  the  bacillus  of 
anthrax. 

Bacillus  Anthracis  Symptomatic!  (Bacillus  of  Symptomatic 

Anthrax  I. 

IJke  the  bacilli  of  anthrax  and  of  malignant  cedema,  Iwth  of  which 
it  resembles  in  ntlicr  respect.^  also,  the  bacillus  of  symptoniaiie  anthrax 
13  an  inhabitant  of  the  soil.  It  is  found  as  the  chief  cause  of  the  dis- 
ease in  animals — ^principally  cattle  and  sheep— known  as  "black  leg," 
"quarter  evil,"  or  .symptomatic  anthrax  J'rauschbrand.  German ;  charbon 
symptomatiqiie,  French),  a  disease  which  prevails  in  certain  localities 
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ill  summer,  and  is  characterized  by  a  peculiar  emphysematous  swelUng 
of  the  subcutaneous  tissues  and  muscles.  es|>ecially  over  the  rjuailrrs. 

Morphology. — IWilli  having  rounded  ends,  from  0.5/i  to  0.*V'  broad 
and  from  '.ifi  to  5/t  long;  nuwtly  isolated;  nlso  occurring  in  pairs,  joined 
enil-to-end,  but  never  gruwin^  out  ifid)  loii^  filainenLs,  as  tin*  anlhraXi 
ba<-i!li  in  culture  ami  the  bacilli  of  malignant  fetJema  in  tlie  iMwlie*' 
of  animals  are  frequently  seen  to  do.     In  the  bunging  drop  the  liacilli 
are  observed  to  be  actively  motile,  and  in  stained  preparationB  Hagella 
nmy  be  demoiLstrated   surrounding  the  ]>eriphery.      'Hie  sjtores  are 
elliptical  in  shape,  tisually  thicker  than  the  bacilli,  Inng  near  the  middlcJ 
of  tlie  rods,  but  rather  toward  one  extremity.    This  gives  to  the  bacillij 
containing  spores  a  somewhat  spindle  shape. 

Stains  with  the  onlinary  aniline  tlyes,  but  not  with  Gram's  method, 
or  only  with  difficulty  and  after  long  treatment  or  intense  colors, 

Fio. lis 


''   .       ■     .     '  :\ 


DkcIUI  of  *yroptOBi»ll«  ftnibnx,  abowlng  aporc*.    (After ZMUiow.r 

Biology. — Tike  the  bacillus  of  malignant  redema,  this  is  a  strict 
anai'rolie,  ami  cannot  be  cultivatwl  in  an  atmosphere  in  which  ojtygeo 
is  pre,s<-ni.  It  grows  best  under  hy<irogen,  and  does  not  grow  under 
carbonic  acid.  This  bacillus  devclo|xs  at  tlie  room  temijerature  in 
tlie  usual  culture  media,  in  the  alxsence  of  o.xygen,  but  it  grows  bestj 
in  those  to  which  1.5  to  2  per  cent,  of  glucose  or  .I  per  cent,  of  gl\i 
has  l>een  added. 

Gkowtu  on  AoAii. — ITic  colonics  on  agar  are  somewhat  more  cot 
pact  than  those  of  malignant  ledenia,  but  they  also  send  out  projc 
tJons  very  often.    In  afjnr-slick  cuiturejt,  in  the  incubator,  growth  iK-cnr 
after  a  day  nr  two  also  some  distanet'r  below  the  surface,  and  is  accom 
panifd  by  ilie  proiluctjini  iif  gas  and  a  jieculiar  disagreeable  arid  odorj 

Pathogeneais. — The  baeilhis  of   sjinptomatic  anthrax    is  pathogrnicl 
for  cattle  (which  arc  innnune  against  nialignaiit  cedema),  sheep,  goats, 
guinea-pigs,  and  mice;  horses,  asses,  and  white  rats,  when  inm'ulated 
with  a  culture  of  this  bacillus,  present  only  a  limited  reaction;  and 
rabbits,  swine,  dogs,  cats,  chickens,  ducks,  and  pigeons  arr,  as  n  niki,J 


TUB  BACILLUS  OP  SYJUPTOMATJC  ASTHUAX 


391 


* 


naturally  immune  to  the  disea5e.  The  guinea-pig  is  the  most  siiscept- 
iblp  of  test  animals.  When  susceptible  animals  are  inoeulated  subcu- 
taneously  witli  pure  cultures  of  (his  organism,  or  with  spores  attached 
to  8  silk  thread,  or  with  bits  of  tisane  from  the  affected  parts  of  another 
animal  dead  of  the  disease,  death  ensues  in  from  twentv-four  to  thirty- 
six  hours.  At  the  autopsy  a.  bloodv  si.Tiim  is  rouiul  in  nie  subeutoneous 
tissues,  extending  from  the  point  of  inoculation  over  the  entire  surface 
of  the  abdomen,  and  the  muscles  present  a  dark-red  or  black  appear- 
ance, even  more  intense  in  color  than  in  malignant  oedema,  and  there 
is  a  considerable  development  of  gas.  The  Ij-mphatic  glands  are  mark- 
edly hypenemic. 

'Phe  diseaM-  occurs  chirtlv  in  rattle,  moif  rarely  in  sheep  and  goats; 
horses  are  not  attacked  spontaneQiisly^i,  c,  by  accidental  Liifection. 
In  man  infection  has  never  been  produced,  tliough  ample  opportunity 
by  infection  through  wounds  in  slaughter-Iiouses  and  by  ingestion  of 
infected  meat  has  l.)ecn  given.  The  usual  mode  of  natural  infection 
by  symptomatic  anthrax  is  through  wounds  which  p*;netrute  not  only 
the  skin,  but  the  deep,  intercellular  tissues;  some  cases  of  infection  by 
ingestion  have  been  ob.served.  The  pathological  findings  present  the 
conditions  altove  described  as  occurring  in  experiuietital   infection. 

DiSTRiBiTioN  OtTsinE  OF  THE  BoDY. — Symptomatic  antlirax.  like 
anthrax  anrl  malignant  avlenm^  is  a  dlsea-se  of  the  soil,  but  it  shows  a 
more  limited  entlemic  distribution  than  the  funoer,  and  is  differently 
distributed  over  the  earth's  surface  than  the  second  of  these  diseases, 
>>eing  confined  esj»'cially  to  places  over  which  infected  herds  of  cattle 
have  been  pa.itured.  It  is  doubtful  whether  the  bacilli  are  capable 
of  development  outside  of  the  body  like  anthrax.  In  the  form  of  spores^ 
however,  reproduction  may  take  place;  ami  by  contamination  with 
these,  through  <lcep  wounds  acquired  by  animals  in  infected  pastures, 
the  disease  is  spread. 

Toxixs. — Under  favijralile  conditions  extracellular  toxins  are  formed 
so  that  the  filtrate  of  cultures  is  very  poisonoas.  Injections  of  the 
toxin  mUi  animals  excite  the  pnxluction  of  antitoxins. 

To  recapitulate  briefly,  the  principal  points  for  differentiating  this 
bacillus  from  the  bacillus  of  malignant  u.dema,  which  it  closely  resem- 
bles, are:  it  is  smaller;  it  does  not  develop  into  long  threads  in  the 
tissues;  it  is  more  actively  motile,  and  forms  spores  more  readily  in  the 
animal  body  than  does  the  bacitlus  of  malignant  nnlema.  It  is  patho- 
genic for  cattle,  while  malignant  fedema  is  not;  and  swine,  clogs,  rabbits, 
chickens,  and  pigeons,  which  an-  rra4lilv  infected  with  malignant  oedema, 
are  not,  as  a  rule,  sustvptible  to  symptomatic  anthrax. 

Preventive  Inocilationh.— It  is  well  knott^l  to  veterinarians  tliat 
recovery  from  one  attack  of  symptonialic  anthrax  protects  an  animal 
against  a  second  infection.  Artificial  immunity  to  infection  can  also  be 
produced  in  various  ways:  by  inoculations  with  cultures  which  have 
been  kept  for  a  few  days  at  a  temperature  of  42^  to  4li°  C  and 
have  thus  lost  their  original  virulence,  or  by  inoculations  of  filtered 
cultures,  or  of   cultures    sterilized    by  heat.      For  the  production    of 
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unmimily  in  cattle  it  is  sdvised  to  use  a  dried  powder  of  the  muscles 
of  animals  which  have  succumbed  to  tlie  disease,  and  which  have  been 
subjected  to  a  suitable  temperature  to  ensure  attenuation  of  the  \iru* 
lence  of  the  spores  contained  therein.  Two  vaccines  are  prepared,  as 
in  anthrax — a  stronger  vaccine  by  exposing  a  portion  of  the  powder  lo 
a  temperature  of  85**  lo  OC*  C.  for  six  hours,  and  a  weaker  vaccine  by 
exposing  it  for  the  same  time  to  a  (eni|ieratiirr  nf  100**  to  104°  C.  In- 
oculations are  made  with  this  attenuated  virus  into  the  end  of  the  tail — 
first  the  weaker  and  later  the  stronger.  'Hiese  give  rise  to  a  local  reac- 
tion of  moderate  intensity,  and  tlie  animal  is  subsequently  immune  from 
the  effects  of  the  most  vinjlcnt  material  and  fn.n]i  the  disease.  Fourtr«n 
days  are  allowed  to  elapse  between  the  two  inoculations.  The  results 
obtained  from  this  method  of  preventive  inoculation  seem  to  have  been 
very  satisfactor}'.  According  to  the  statistics,  including  many  thou- 
sand cattle  treated,  the  mortality,  which  among  22,300  non-inocu- 
hited  cattle  was  2.20  per  cent.,  has  I»een  reduced  to  0.10  per  cent,  in 
14,700  animals  inoculated.  When  danger  of  immediate  infection 
exists,  it  is  advisable  to  inject  some  antitoxin  with  the  vaccine.  This 
lessens  the  reaction  and  gives  immediate  immunity. 


CHAPTER  XXX. 

THE  CHOLKItA  SPIRILLUM  {SPIRILLUM  CHOLKR.K  ASIATIC*:) 
AND  ALLIED  VARIETIRS. 

In  18S3  Koch  sepurated  u  chnracteristically  curved  organisni  from 
the  (li'jiTta  mill  iiitcstiiR-s  of  cliolcni  paticrits-^thf  sjx-Hlli'tl  "t!omma 
bacillus.''  This  he  declared  to  \ie  absent  from  the  stools  and  intea- 
tiiuil  contents  of  healthy  persons,  and  of  persons  suffering  from  other 
aflfection-s.  The  organism  wa-s  said  to  possess  certain  niorpholopical 
and  biological  features  which  readily  distinguished  it  from  all  previo\isly 
descril»e<l  organisms.  It  was  al>s«>iit  from  the  hltHul  and  viscera,  and 
was  found  only  in  tlie  intestines;  and  the  greater  the  iniriiber,  if  was  said, 
the  more  acute  the  attack.  Koch  also  denionsfmteri  an  invasion  of 
the  mucosa  aniJ  it.s  glands  b_v  (lii-s  "coiinna  Imcilli."  Tlie  organLsms  were 
found  in  the  stools  on  staining  tlie  mucous  flakes  or  the  fluid  with 
methylene  blue  or  fuchain,  and  sometimes  alone;  by  means  of  ciiltiva- 
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tioQ  on  gelatin  they  were  readily  separated  from  the  stooLs.  During 
his  stay  n  India,  in  Kgvpt,  and  at  Toulon,  K<K:h  ba<i  examined  over 
one  hundred  cases,  and  other  investigators  confirmcil  his  statements. 
Numerous  control  observations  made  upon  other  dlarrlm-ic  ilejci'ta 
and  upon  nonnal  stools  were  negative;  the  coinn^a  lnuillus  was  found 
in  choleraic  material  only,  or  in  material  conlaniinated  by  cholera. 
Soon,  however,  other  otpser^'ers  descriljcd  comma-shaped  organisms 
of  non-choleraic  origin.  Kinkier  and  Prior,  for  instance,  found  them 
in  the  diarrha?al  stools  of  cholera  mwtras,  l>eneke  in  cheese.  Lewis  and 
Miller  in  saliva.  All  of  these  organisms,  however,  differed  in  many 
respects  from  Koch's  comma  bacillus,  and  it   has  .^ince  been  proved 
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that  nonr  of  tbcm  b>  ftlFectcd  bv  the  specific  serum  of  aniniols  imuiu- 
mzeil  to  cholera.  Afler  a  time,  tlierefore,  the  exchisivc  asaociatinn  of 
Koch's  vibrio  with  cholera  beciiiiie  almost  generally  acknwwletlged  until 
now  it  is  rcf^anlecl  by  bacteriologists  every\^'here  tn  l>e  the  spec^ific  muse 
nf  Asialic  flioleni.  Certain  sporadic  cases  of  cholera-like  disease,  how- 
ever, urc  iiiirloubledly  due  to  other  organisms. 

Morphology. — Curved  rtxis  with  rounded  ends  which  <lo  not  lie  in 
the  same  plane,  from  0.8/'  to  2/*  in  length  and  about  OA/'  in  breadth. 
The  curvature  of  the  rods  may  be  very  slight,  like  that  of  a  comma, 
or  distinrtly  marked,  pnrticiitarly  in  fresh  unstained  preparation.s  of 
full-grown  individuals,  presenting  the  uppearanee  of  a  half-t-ircle.  By  the 
inverse  jmiftion  of  two  vibrios  .S-shaped  forms  are  proihireii.  I^inger 
fonna  are  rarely  seen  in  the  intestinal  disclmi^es  or  fmiii  cultures  grown 
on  solid  media,  but  in  fluids,  especially  when  grown  under  unfavorable 
conditions,  long,  spirul  filaments  may  develop.  The  spiral  forms  are 
best  studic*!  in  the  Imnging  drop,  for  in  the  dried  and  staineil  prep- 
anitions  Ihe  spiral  character  of  the  long  filamentn  Ls  often  obliteraled. 
In  film  preparations  from  the  intestinal  contents  in  typical  cases  it 
will  Ije  found  that  the  organisms  are  present  in  enormous  numWra, 
an<(  often  in  alintist  pure  fiiltiire  (Kigs.  120  anil  121).  In  old  cultiire.i 
irregularly  clubbed  and  thickened  Involution  forms  are  frequent,  and 
the  pre-senir  in  the  organisms  of  small,  rounded,  highly  refraclile  bodies 
is  often   noted.    ^^K 

Staining. — Tht'^llera  spirillum  siairuf  with  the  aniline  colors  usually 
employed,  but  not  aafeadily  as  many  other  bacteria;  a  dilute  aqueous 
solution  of  carljol-fucSipin  is  recommended  as  the  most  reliable  staining 
agent  witJi  the  application  of  a  few  minutes'  heat.  It  is  decolorized  by 
Oram's  method.  Thejorganisms  exhibit  one  long,  fine,  spiral  flagellum 
attached  to  oneend  of  Ae  rods,  or,  exceptionally,  to  both  ends.  (Cjiolera- 
like  spirilla  often  havjf  1,  2,  or  3  end  flagella.) 

Biology. — An  aerolJ(D  (facultative  anaerobic),  liquefying,  very  motile 
spirillum.  Grows  reijllily  in  the  ortliiian,-  culture  media,  l>est  at  37*  C„ 
but  also  at  room  temperature  (22^  C);  does  not  grow  at  a  tempemture 
above  42®  or  below  8**  C.  and  does  not  form  spores. 

In  griaiin-f^ate  ruUurcs  at  22°  C.  the  colonies  are  quite  rhamcter- 
istic;  at  the  end  of  twenty-four  hours,  small,  round,  yellowUh-whiie  to 
yellow  eolonies  may  be  .wen  in  the  deptlis  of  the  gelatin,  which  lat*r 
grow  towani  the  surface  and  cause  liquefaction  of  the  medium,  the 
colonies  lying  at  the  iKiltom  of  the  holra  or  pocket  thus  formed.  ITw 
zone  of  lifpiefaclion.  which  increases  rapidly,  at  Ijrst  remains  clear, 
then  Ix-conies  cloudy,  mostly  gray,  as  the  result  of  the  growth  of  the 
colonies.  In  many  cases  after  a  time  concentric  rings,  increasing  from 
day  to  day,  appear  in  the  zone  of  liquefaction.  (See  Figs,  122  and  123.) 
Examine<l  under  a  low-power  lens,  at  the  end  of  sixteen  to  twenty- 
four  hours,  the  colonies  appear  n»  .small,  light-yellow,  round,  coaraely 
granular  il'vik.%  with  a  more  or  less  irregular  outline.  In  many  cases 
at  this  stage  an  ill-defined  halo  is  seen  to  surround  the  grauuUr  colony. 
As  the  cofontes  become  older  the  granular  structure  incpeases.  until  a 
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is  reached  when  the  surface  looks  as  if  it  were  covered  with  little 
fragments  of  broken  gliLss.  Liqiiefnction  contiuue.s  nhout  the  colonies, 
their  stnictuiv  iippi'iiis  fis.surwl  iiiii)  ctmrscly  graniilHr  in  trxliire,  ar.d 
occasionally  a  hair-like  lumJer  is  formed  nt  the  jjcriphery  (Fig.  123). 
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Ctwitn  CAtontn  in  gviniln :  iwpniy  iimr  \n  ihinr- 


Clielen  colony  In  Kektiii. 


SOdlamcicn. 


Sonietimes  the  colonies  inuy  Vie  retained  as  compart  masses  in  the  zone 
of  liijiicfactimi,  unil  then  they  are  dark  yellow  or  l>rown  in  color,  and 
forms  occur  which  are  absolutely  unlike  the  typical  cholera  colonies. 


Pio.  124 


1 

i 

1 

J 

9 

1 

f 

^       1 

1 

* 

A  cbAnckfbUc  terioi  of  Chokn  CuUuret  In  ic«lBlin  -.  o«e,  iwo,  tbrw,  rooi.  And  bIx  (Uyf  ^rowtb. 

(Dunham.] 

In  ffflatiri'stirl:  mfivrm  the  gniwth  is  iil  (irst  tlire;id-like  and  nnchar- 
acteristie.  At  the  end  of  twenty-four  to  thirty-six  hours  a  smell,  funnel- 
shaped  depression  appears  on  the  surface  of  the  gelatin,  which  soon 
spreads  out  in  the  fomi  of  an  air  bubble  above,  while  below  this  is  a 
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whitish,  viscid  mass.  I^ter,  tlic  funnel  increitses  in  dppih  Htid  diuroe- 
ter,  and  !it  the  end  (if  from  four  to  six  days  nmy  reiieh  llie  e<ijieof  iIh- 
test-tube;  in  from  eight  to  fourteen  days  the  iipfM-r  two-thirds  nf  the 
gelatin  is  eomplctely  litjuefietl.  (See  Pig.  124.)  Fre.shly  isolateil  cholera 
vibrios  li(]uefy  gelatin  more  rapidly  than  old  lahnratorj-  rnltiires;  a 
certain  variatitm,  under  some  circumstances,  in  tlie  i-httmclerislic  lique- 
faction of  the  gelatin  even  in  fresh  cultures,  should  Ije  bcmie  in  mind 
in  making  a  diagnosis.  Such  variations  in  cultural  peculiarities  occtir 
also  with  other  bacteria. 

Upon  the  Jiurfncr  of  agar  (he  comma  liarillufi  develops  a  moLst,  shin- 
ing, gravish-yellow  layer.  In  atjar-plate  cuUurrs.  for  diagnostic  pur- 
poses, ihr  gn>wth  of  separated  colonies  is  of  ^'reat  importance.  The 
nutrient  a^ar  after  pouring  in  the  plates  and  sulldifyin};  should  be 
slighdy  drieil  on  the  surface  by  putting  tite  uncovered  plate  face  down- 
ward on  the  shelf  of  (he  incubulor  at  37**  C.  for  thirty  minutes,  or  at 
60*  C.  for  five  minutes.  Tiie  cholera  colonies  <Ievc!op  fairly  charac- 
teristically, being  more  transparent  tluui  thase  of  mast  other  bac(eriB 
excep(  the  cholera-like  vibrios.  liiood  serum  Is  rapidly  liquefied  at 
the  (emperature  of  the  incubator.  On  potato  at  incubator  temperature 
a  moist  gitiwth  of  n  (lirtv-l)rowti  color  <H-curs.  Milk  Is  not  coagnlate«). 
In  houilUm  the  growth  is  rapiij  aihI  abundant;  in  the  incubator  at  the 
end  of  te!i  to  sixteen  Imui-^  llie  Hcpiid  Is  difTusely  elnudeil,  and  on  the 
surface  n  wrinkled  menibmnous  layer  is  often  fonned.  In  general 
the  spirillum  grows  iu  any  liquid  containing  a  small  ((uuntily  of  organic 
matter  and  having  a  sli}:;htly  alkaline  reaction.  An  acid  reaction  of 
the  culture  medium  pri'vcnts  its  development,  as  a  rule;  bu(  i(  has  the 
power  of  gradually  accommodating  itself  to  the  presence  of  vegetable 
ac^ds.  Abundant  development  occurs  in  luiuillon  which  has  lieen 
diluted  with  eight  to  ten  parts  of  water  and  in  .simple  peptone  solution. 

The  I'liriuna  bacillus  iK-longs  to  the  elrt.ss  of  aerobic  nrg:iiiL'?ms,  ina^- 
mtich  as  il  grows  readily  only  in  the  presence  of  oxygen,  and  that  it 
develops  active  motitily  onlv  when  a  certain  amount  of  oxygen  is 
present.  It  does  not  grow  in  the  total  absence  of  oxygen,  but  a  small 
quantity  of  oxygen  is  all  that  is  required  for  its  development,  aft  iu  the 
intestines.  This  need  of  oxygen  tends  to  send  the  spirilla  to  the  aurfacv 
of  fluiii  cuhure  media. 

Cbolera-rkii  Uea(T[o\.— When  a  small  quantity  of  chemieally  pune 
sulphuric  acid  is  adileil  to  a  twenty-four-hour  IkiuiUou  culture  of  the 
cholera  bacillus  containing  peptone  a  reddish-violet  vaXot  is  protlueed. 
Briep.T  separated  the  pigment  formed  in  this  rt-aelion-  the  srHcalled 
cholcm-rcd — and  showed  that  it  was  indol.  and  that  the  reiwrion  was 
uolhine  more  clian  the  wetl-knuwn  indol  reaction.  Salkowski  aud  Petri 
then  demonstrated  that  the  cholera  bacilli  produced  in  thin  bouillon 
cultures,  along  with  indol.  nitrites  by  re<lucinp  the  nitrates  contained 
in  small  ([uantities  in  the  cidlure  meilia.  They  showed  that  it  is  the 
nitric  acid,  liberated  by  the  addition  of  sulphuric  acid  to  the  culture, 
which  gives  rise  lo  tlie  indol,  the  red  body  upon  which  the  cholera 
reaction  depends.     For  a  h>ng  time  it  waa  Ijelieved  that  (his  nitnxso- 
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indol  rt'aclion  was  peculiar  to  the  cholera  bacillus,  niul  preat  weii»h(  was 
placed  on  il  as  a  diapmiHlic  test.  It  has  since  lufii  shown,  luiuevi-r,  that 
there  are  a  number  of  otlier  vibrios  which,  under  similar  conditions  as 
the  cholera  vibrio,  give  the  same  red  reaction.  The  reaction  is,  neverthe- 
less, a  constant  and  characteristic  peculiarity  of  this  spirilliiiii,  and  is  of 
unquestionable  value.  Il  is  even  more  vaUiable  as  a  negative  than  as  a 
positive  lest,  as  the  absiMiee  nf  the  reaction  onublfs  one  to  say  of  a  sus- 
pected organism  that  it  is  not  the  choleni  spirillum.  There  are,  how- 
ever, certain  precautions  to  be  obsen*cd  in  its  use.  It  Ims  been  shown 
that  the  reaction  may  be  absent,  for  instance,  when  the  culturt-  contains 
either  loo  much  or  too  little  nitrate.  It  is,  therefore,  advisable  not  to 
employ  a  bouillon  riiltuiT  the  composition  of  which  is  uncertain,  but 
a  distinctly  alkaline  solutiun  of  jjeptone,  contjiiiiiiig  1  per  cent,  pure 
peptone  and  0.5  per  cent,  of  pure  chloride  of  sodium  ( Dunham's  solu- 
tion).   With  such  a  solution  constant  results  can  Iw  obtained. 

Develoi'mknt  Outsihk  ov  thk  Body.— It  has  been  shown  by 
e.xpenmeut  that  cholera  spirilla  iiiulliply  to  some  extent  in  stenlizcd 
river-water  or  well-water,  and  preserve  their  vitality  in  such  water  for 
several  weeks  or  even  months.  Koch  demonstrated  the  pir.<>encc  of 
this  spirillum  in  the  foul  water  nf  a  tank  in  ln<lia  which  was  u.te4i  by 
the  natives  for  drinking  pnqjioses.  In  his  early  investifjations  he  found 
that  rapid  niultiplii-titioii  injiy  o*'cur  upon  the  surface  of  moist  linen. 

Resistancf-  fiSn  Vitality. — If  a  culture  be  spread  on  a  cover-glass 
and  exposed  to  the  action  of  the  air  at  room  temperature  the  buctlli 
will  bcilead  at  theenil  of  two  or  three  hours,  unless  the  layer  of  culture 
is  verj^  thick,  in  which  case  it  may  take  twenty-four  hours  or  more  to 
kill  all  the  bacilli.  This  indicates  that  infection  is  not  produced  by  means 
of  du.'il  or  other  drieil  objects  contaniinaterl  with  cholera  bacilli.  The 
transmission  of  these  organisms  through  the  air,  therefore,  can  only 
take  place  for  short  rlistancrs,  as  by  a  spray  of  infectious  liquids  by 
mechanical  means — a^s,  for  instance,  the  breaking  of  waves  in  a  har- 
bor, on  water-wheels,  etc.,  or  in  moist  wiLsh  of  cholera  patienLs. 

Tlie  cholera  bacillus  is  also  injuriously  affected  Ity  the  abuiulant 
growth  of  saprophytic  bacteria.  It  is  true  that  when  associated  with 
other  bacteria,  if  preseiit  in  large  initnliers.  un<l  if  the  conditions  for 
their  development  are  particularly  favorable,  the  cholera  bacillus  may 
at  first  gain  the  upiwr  hand,  as  In  the  moist  linen  of  cholera  patients, 
or  in  soil  impregnated  witli  cholera  dejectji;  but  later,  after  two  or 
three  days,  even  in  such  cases,  tlie  bacilli  dieolf  and  other  biicteria  grad- 
ually take  their  place.  Tims,  Km-h  fomiil  that  the  fluid  contents  of 
privies  twenty-four  hours  after  the  intnxliiction  <if  eonniia  bacilli  no 
longer  contained  the  living  organisms;  in  impure  river-water  they  were 
not  demoastnd>lc  for  more  tlian  six  to  seven  days,  as  a  rule.  In  the 
dejecta  of  cholera  patients  tliey  were  f<«ind  usually  only  for  a  few  days 
(one  to  tbixv  iluys),  though  rarely  thev  have  been  obser\-e<l  for  twenty 
to  thirty  day.s,  and  on  one  ca-casion  for  one  humlred  aiul  twenty  days. 
In  ua^iterilized  water  they  may  also  retain  their  vitality  for  a  relatively 
long  time;  thus,  in  stagnant  well-water  thev  have  lieeii  founi!  for  eighteen 
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days,  &n(l  in  an  aquarium  containing  plants  and  iiahes,  the  wsltr  of 
which  was  inoculated  with  cholera  germs,  they  were  isotitled  sevcml 
iniinltis  latur  fn)iii  tlie  mud  at  the  Imltutn.  In  ninniu^  river-water, 
however,  they  have  not  been  oljserved  for  over  six  (o  eight  days.  For 
the  cholera  orpiiii^nui  the  conditions  favorable  tu  growth  are  h  warm 
temperature,  moisture,  a  good  supply  of  oxygen,  uwJ  a  considcmble 
proportion  of  organic  material.  TJiese  conditions  are  fully  met  with 
uutsiite  the  body  in  but  ver\'  few  loc-ulilies. 

The  comma  bacillus  has  the  average  resistance  of  s[x>re-free  bac- 
teria, uiul  is  killed  hy  exposure  to  moist  heat  nt  (>0°  C.  in  ten  minutes, 
at  95**  to  100*  (_'.  in  one  minute.  The  bacilli  have  l»een  found  alive 
kept  for  a  few  da^-s  in  ice.  but  ice  which  has  been  preserved  for  several 
weeks  does  not  contain  living  bacilli. 

Oieniical  di-ninfectttnts  readily  de-slroy  the  vitality  of  clujlcm  vibrioa. 
For  disinfection  ou  a  small  .scale,  as  for  washing  the  hands  when  t*on- 
taminated  with  cholera  infection,  a  Q.l  per  cent,  solution  of  bichloride 
of  mercury  or  a  2  to  3  per  cent,  .■^ohition  of  cariK>lic  acid  may  l)e  used. 
For  <liAiiifcction  on  a  large  scale,  a.s  for  the  disinfection  of  cholera  stools, 
strongly  alkaline  milk  of  lime  is  an  e\(vllent  agent.  The  wash  of  cholera 
patients,  contaminatcil  furniture,  Htjoj-s,  etc.,  may  lie  disinferted  by  a 
soliilion  of  5  i)er  cent,  carbolic  acid  and  .soap  water. 

The  Spread  of  Cholera. — Cholera  is  practically  alwavs  tmnsmitlefl 
by  iiii-ans  of  waicr  or  food  contaminated  hy  the  spirilla,  and  there  is 
no  (loubt  that  the  contamination  is  in  most  all  cases  through  the  direct 
sailing  of  the  water  hy  the  feces  of  cholera  patients.  Flics  which  haw 
fed  or  lighted  on  the  diitcharges  of  cholera  patients  or  on  things  con- 
tJiminated  by  lliem  have  been  found  to  carrj'  the  organisnw  not  only 
on  tlieir  feet,  but  also  in  their  lnMlies  for  at  least  twenty-four  houra. 
FiMcl  coiitamiimtcil  by  flics  is  therefore  a  (K>s.siblc  source  of  infection. 

Pathogenesis.  -None  of  the  lower  animals  is  naturally  subject  to 
cboh'ni,  tutr  has  anv  contracted  the  dist*B.s«'  lus  ihc  n-suli  of  ihe  ingrsliun 
of  food  coutaminaic<l  with  choleraic  excreta  or  from  the  inoculations 
of  pure  cultures  of  the  spirillum,  cither  subcutane««i.s|y  or  by  the  mouth. 
It  has  been  shown  that  the  comma  bacillus  is  extremely  scn-sitive  to 
the  action  of  acids,  ami  is  quickly  destroyed  by  the  acid  secretions  of 
the  stomach  of  man  or  the  lower  animals,  when  these  secretions  are 
normally  pn>duced.  Nikati  anil  Kiel.'*i-h  pnKluced  a  choleraic  condi- 
tion in  a  considerable  percentage  of  il<»gs,  where  the  \"irulent  fMiltures 
were  injected  directly  into  the  dufKlenuui.  Koch  sought  to  pmluce 
infection  in  guinea-|>igs  per  cnm  mitvralr*  by  first  neutralizing  the 
contents  of  the  stomach  ^vith  a  solution  of  carlxmate  of  sckU — 5  c.c. 
of  a  o  per  cent,  sohition  injected  into  tlic  stomach  through  n  pharyngral 
catlieter — and  then  after  a  while  administereii  thn>ugh  a  similar  catheter 
10  C.C.  of  a  litpiiil  into  which  had  been  put  one  or  two  drops  of  a  bouillon 
culture  of  the  comma  bacillu.s.  The  animal  then  receives  a  dose  of  1  c.c- 
iif  tincture  of  opium  )ier  200  grants  uf  bodv-weight.  introduced  into 
the  abilominal  cavitv.  for  the  |inr|Mwc  nf  i-ontrolling  the  peristaltic  move- 
ments.   As  a  result  of  this  treatment  the  animals  are  completely  nar- 
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cotizrd  for  about  half  an  hour,  but  recover  from  it  without  showing 
any  ill  effecta.  On  the  evening;  of  the  same  or  the  following'  day  the 
animal  shows  an  indisposition  to  cat  and  other  signs  of  weakness,  its 
posterior  extremities  become  weak  and  apparently  paralyzed,  and,  as 
a  nde,  death  occtirs  within  forty-eight  houra  with  the  .symptoms  of 
collapse  and  fall  of  temperature.  At  the  autopsy  the  small  intestine 
is  found  to  be  coufiestcd  and  filled  with  u  watery  fluid,  containing  the 
spirillum  in  great  numl)ers.  Koch  experimenled  in  this  way  on  about 
one  hundred  }^inea-pigs.  These  resuhs.  however,  are  somewhat 
weakened  by  the  fact  that  experiment.s  made  with  some  other  bacteria 
nK>r]rhologioatly  similar  to  the  comma  bucillus  of  Koch,  but  sjiecitic- 
ally  ilifferent,  occa-sioimllv  piYidiiced  death  when  introihiced  in  the 
same  way  into  the  small  intestines  of  guinea-pigs.  Aletchnikoff  dis- 
coveretl  that  young  rabbits  shortly  after  birtii  could  be  infected  by 
simply  infecting  the  teats  of  the  mother  so  that  tliey  received  infection 
along  with  the  milk. 

There  are  several  cases  on  record  which  funiisli  the  most  satisfactory 
^^^evidence  that  the  cholera  spirillum  is  able  to  produce  tlie  disea^  in 
^Bnuin.  In  1SS4  a  student  ui  Koch's  laborator\'  in  Berlin,  who  was 
^^  taking  a  course  mi  ctiolera,  became  ill  with  a  severe  attack  of  ehcleni. 
At  that  time  there  was  no  cholera  in  Germany,  ant]  the  infection  cnuld 
not  liavc  been  produced  in  any  other  way  than  llirough  the  cholera 
cultures  which  were  lieing  used  for  the  instruction  of  students.  In 
1892  Pettenkofcr  and  Knnnericli  experiniente<l  on  themselves  by 
swallowing  small  quantities  of  fresh  cholera  cultures  obtained  from 
Hamburg.  Pettenkofcr  was  affected  with  a  mild  attack  of  cholerine 
or  severe  diarrhrea,  from  which  he  reenvercd  in  a  few  days  without 
any  serious  effects;  but  Emmerich  liecanie  verj-  ill.  On  the  night  fol- 
lowing the  infection  lie  was  att«ckctl  by  fretjucnt  evacnallons  of  the 
clmracteri-Stic  ricc-wjiter  type,  cramps,  tympintites,  and  gnenf  prostra- 
tion. His  voice  l>ccamc  hoai-sc,  and  the  secretion  of  urine  wns  souie- 
wliat  diminished,  Ihis  condition  lasting  for  several  dup.  In  both  cases 
the  cholera  spirillum  was  obtained  in  pure  culture  from  the  dejecta. 
Another  instance  is  reported  by  Metchnikoff,  in  Paris,  of  a  man  who 
became  infected  experimentally.  In  this  cnsc  the  algid  stage  of  cholera 
was  pro»luoe<l,  with  complete  sup|)ressinn  of  urine,  cramps  in  the  legs, 
contraction  of  the  exfreinitles,  ami  collapse,  the  man's  life  licing  saved 
only  with  difficulty.  Finally,  there  is  the  case  of  Dr.  Oergel,  of  Ham- 
burg, who  accidentally,  while  experimenting  on  a  guinea-pig,  liad 
some  of  the  infected  peritoneal  fiuid  to  squirt  into  his  mouth.  He  was 
taken  ill  and  died  a  few  days  afterward  of  typical  cholera,  though  at 
the  time  of  his  death  there  was  no  cholera  in  the  city.  These  accidents 
and  experiments  woiild  certainly  seem  to  prove  conclusively  the  capa- 
bility of  pure  cholera  cultures  which  have  retained  their  virulence  of 
pro^luciiig  (hi*  disease. 

IfSSioiu  in  Man.^^holera  in  man  is  an  infective  process  of  the  epithe- 
lium of  the  intestine,  in  which  the  spirilla  dinging  to  and  between  the 
epithelial  cells  produce  a  partial  or  entire  necrosis  and  final  destruction 
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of  the  epithetiul  cuverinf;,  which  thus  renders  possible  the  absorption 
of  the  cholera  toxin  formed  bv  the  growth  of  the  spirilla.  The  larger 
the  surface  of  the  mucous  membrane  infected  and  the  more  luxuriant  the 
development  of  bacilli  and  the  production  of  toxin  the  more  pronountsd 
will  be  the  poisoning,  ending  fatally  in  a  toxic  paralysis  of  the  circu- 
latory and  tbennic  cenlivs.  On  the  other  hand,  however,  then*  may 
be  cases  where,  in  spite  of  the  lai^  nnmlier  of  cholera  bacilli  present 
in  the  dejecta,  severe  .symploiiis  of  intoxication  may  Ix;  absent.  In 
such  cases  the  destruction  of  epithelium  is  nut  produced  or  is  so  slight 
that  the  toxic  substance  absorbed  is  not  in  sufiicieut  concentration  to 
^ive  rise  to  the  al^id  staj;e  of  the  disease,  or  for  some  reason  the  spirilla 
do  not  produce  toxin  Kf  any  extent.  In  no  stage  of  the  disease  are 
living  cholera  spirilla  found  in  the  oi^ans  of  the  body  or  in  the  secre- 
tiotis. 

DlstrlbntloQ  in  the  Body.— The  cholera  spirilla  are  found  only  in  the 
intestines  and  are  believed  never  to  be  present  in  the  blood  or  interoal 
organs.  The  lower  half  of  the  small  intestine  b  most  affectefJ,  a  large 
part  of  its  surface  epithelium  becoming  sbcd.  The  flakes  floating  in 
the  rice-water  discharges  consist  mostly  of  masses  of  epithelial  cells 
and  mucus,  among  which  are  numerous  spirilla.  The  spirilla  also 
penetrate  the  follicles  of  LieberkUhn,  and  may  be  seen  lying  between 
ttiif  bajicnmnt-mendinine  and  the  epithelial  lining,  which  become 
loosened  by  their  action.  They  are  rarely  found  in  the  connective 
ti.ssue  beneath,  and  never  penetrate  deeply.  In  more  chronic  cMses 
other  micro-organisms  play  a  greater  part  and  deeper  lesions  of  the 
intestines  may  <K'Cur. 

Comimmicabilftj. — Krom  this  fact  and  other  known  properties  of  the 
cholera  spirillum,  which  have  already  been  referred  to,  several  im- 
portant deductions  may  be  made  with  regard  to  the  mode  of  transmis- 
sion of  cholera  infection.  In  the  first  place  the  bacilli  evidently  leave 
the  bodies  of  clmlera  patlenLs,  chiefly  in  the  dejections  during  the 
early  part  of  the  disease  ((hey  have  usually  disappeared  after  the 
fourth  to  the  fourteenth  day),  and  only  these  dejections,  therefore, 
and  objects  contaminated  by  them,  such  as  bed  and  borly  linen, 
floors,  vaults,  soil,  well-water  and  river-water,  etc.,  can  be  reganled 
as  possible  sources  of  infection.  There  is  a  special  limitation  even 
in  these  .sources  of  infection,  owing  to  the  fact  that  this  spirillum  is 
so  easily  destroyed  by  desiccation  and  crowded  out  by  sapropliytic 
organisms.  Thus,  as  a  nile,  only  fresli  dejections  and  freshly  con- 
tamitiateil  objects  are  liable  to  convey  infection;  after  (hey  have 
become  completely  dry  there  is  little  danger.  Further,  we  must  con- 
chide  from  the  distribution  of  the  choleni  bacillus  in  the  bwly  and  frtim 
experiments  upon  animals  that  the  commone.'^t  mfxle  of  infection  is  by 
way  of  the  mouth,  and  chiefly  by  means  of  water  used  for  drinking  pur- 
poses, for  the  preparation  of  foo<J,  etc.  In  re<XMit  times  cholera  spirilla 
have  been  found  not  infrecpiently  in  water  (wells,  water-mains,  rivers. 
harbors,  and  canals)  which  has  become  con(amina(ed  by  the  dejec- 
tions of  cholera  palien(s. 
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As  in  like  otfaier  infectious  diseases,  not  everyone  who  is  exposed  to 
infectiou  is  attacked  by  choleni.  The  bacilli  have  been  found  during 
cholera  epidemics  in  the  dejections  of  healthy  indiviiluuls  without  any 
patho]<^ical  symptoms.  Abel  and  (Maussen  for  example,  in  14  out 
of  17  persons  belonfjinf;  to  the  families  of  7  cholera  patients,  found 
cholem  viliriiw,  in  some  of  tliem  for  a  period  of  fourteen  days.  In 
Hamlnirg  there  were  2S  such  cases  of  healthy  choleraic  individuals 
with  alxsolultdy  ntirniul  sttMrls.  It  is  evident,  then-fon>,  that  ai3  individual 
susceptibility  is  rec|uisile  to  produce  the  disease.  In  the  nonrial  healthy 
Stomach  the  hydrochloric  acid  of  the  gastiic  secretions  may  destroy 
the  spirilla;  and,  finally,  the  normal  vital  resistance  of  the  tissue  cells 
to  the  action  of  the  cholera  poison  may  Ix'  taken  into  cons i<Ierat ion. 
According  to  the  greater  or  less  power  of  this  vital  resistance  of  the  bo<Jy 
the  same  infectious  matter  may  give  rise  to  no  disturbance  whatever, 
i»  slight  diarrham,  or  it  may  lead  to  serious  results.  Furthermore,  it 
^tnay  l>e  a<.i-ep1ed  as  an  e.stjibli^hed  fact,  ibat  n'ciiverj'  froin  une  attack 
of  cholera  prcKluces  personal  immunity  to  a  second  attack  for  a  con- 
siderable lenglh  (if  tiirie.  This  docj*  not  appear  to  depend  upon  tlie 
severity  of  the  attack;  for  cases  are  recordcil  of  persons  who  were  appar- 
ently not  sick  at  all,  and  yet  in  whom  an  acquired  immunity  was  pro- 
duced. How  long  this  immunity  lasts  is  not  positively  known,  but 
prol>nl>Iy  for  a  month  or  more,  so  that  the  sutne  person  (s  not  likelv 
to  lie  taken  ill  again  with  cholera  during  an  epidemic 

On  the  other  hand,  we  may  take  it  for  granleil  thai  susceptibility  to 
cholera  may  ho  accjuin-d  or  iniTcased.  I''()r  instan<v,  there  is  no  iloubt 
that  gastric  and  intestinal  disorders  produced  by  overeating,  etc.,  may 
act  as  contributing  causes  to  the  dLscase.  Other  pre-lbpasing  causes 
are  general  deljility  friMU  poverty,  hunger,  disease,  etc. 

ahol«ra  Toxins. — Koch  was  the  Hrat  to  assume,  as  the  result  of  his 
investigations,  that  the  severe  symptoms  of  the  algid  stage  of  cholera 
were  due  to  the  effects  of  a  toxin  [iroducerl  by  the  gniwfh  of  the  conuiia 
bacillus  in   the  intestines. 

In  l.S{)2  Pfeiffer  publLslied  an  accoinit  of  his  elaborate  researehes 
relating  to  the  cholera  poison.  He  fnnnd  that  recent  aerobic  cultures 
of  the  cholera  spirillum  contain  a  specific  toxic  substance  which  is  fatal 
to  guinea-pigs  in  extremely  small  doses,  There  is  extreme  collapse, 
with  .subiionnal  leni|>erature.  This  sukstance  stands  in  close  relation 
with  the  bacterial  cells,  and  is  perhaps  an  integral  part  of  them.  The 
filtrate  of  a  recent  cholera  culture  contains  usually  only  moderate 
amniniis  of  toxic  sidistances.  The  spirilla  may  be  killed  bv  chlomform, 
thyuud,  or  by  desiccttiion,  without  up|HiniMil  injury  lo  the  toxic  power 
of  this  substance,  but  siibjecteil  to  fiO**  C.  some  of  the  toxins  aredestro^-ed. 
Mctchuikoff,  Roux  and  others  have  shown  that  living,  highly  virulent 
cultures  protluce  at  limes  highly  poisonous  loxina,  the  0.2  c.c.  of  filtrate 
of  a  three  to  four  day  culture  killing  100  grams  of  guinea-pig.  The 
living  culture  in  2  to  4  c.r.  of  nutrient  bouillon  contained  in  collodion  sacs, 
when  plaoe<l  in  the  peritoneal  cavity  of  guinea-pigs,  produced  svmptoras 
of  poisoning  and  death  in  a  few  (iays.     Sacs  containing  the  deail  vibrios 
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produced  little  effect.  There  appears  to  be,  therefore,  couside ruble 
difference  between  the  intrucellulur  and  the  soluble  extracellulsr 
toxins. 

Cholera  Immunity. -Koch  found  in  his  animal  experiments  thatj 
recovery  from  an  intraperitimenl  infection  with  small  doses  of  |j\ing 
cholera  vibrios  produced  a  certain  imnmiiity  against  larger  doses, 
though  the  animaU  inrjcnlatcii  were  not  very  much  more  resistant  in 
the  cliolem  poiiion  than  they  were  originally.  In  IS92  Lazarus  observed  ^J 
that  the  blood  serum  of  persons  who  had  recently  recovered  from  an  ^| 
attack  of  cholera  pos-scsswi  the  power  of  preventinp  the  development  " 
in  guinea-pigs  of  cholera  bacilli,  which  in  these  animals  are  rapidly  i 
fatal  when  injected  intraperitoneally,  wliile  the  seruni  of  healthy  imii-  H 
viduals  had  no  such  effect.  This  specific  change  in  the  blowi  «  obsen'ed  ™ 
to  take  place  from  eight  to  ten  days  after  the  termination  of  an  attack 
of  chnlera,  and  reaches  it.s  mjixiniuni  during  the  fourth  week  of  con- 
valesceuce,  after  which  it  declines  rapidly  and  disappears  entirely  in 
about  two  or  three  luonlhs.  Similar  antitoxic  or  bactericidal  sub- 
stances develop  in  the  serum  of  guinea-pigs,  rabbits,  and  goats,  when 
these  animals  are  immunized  artificially  against  cholera  by  sul>cuta- 
neous  or  intraperitoneal  injections  of  living  or  dead  cultures.  These 
specific  substances  present  in  the  blood  of  cholera-immune  men  and 
animals  act  only  upon  organi.'tra.s  similar  to  thase  with  which  they  were 
infected;  but,  as  I*feiffer  showed,  this  specific  relation,  which  is  found 
to  exist  between  the  antibacterial  and  protective  substances  produced 
during  iiinnnnization  and  the  bacteria  eiiip!oye<l  to  iniuniniTe  the 
animals.  Is  not  confined  to  cholera.  The  discoven.  moreover,  of  this 
specific  reaction  of  the  blood  serum  of  immunized  man  and  animals 
when  brought  in  contact  with  the  spirilla,  has  given  us  an  apparetitly 
reliablc  means  of  distingiiLshing  the  cholera  from  all  4>ther  vibrios,  and 
tlie  disea.se  cholera  fmin  otiier  simihir  aireclinn.s,  Itotli  of  which 
have  proved  to  l>e  of  great  value,  particularly  in  obscure  or  doubtful 
cases,  in  which  heretofore  the  only  niclhod  of  differential  diagnosis 
available — viz.,  bv  cultural  tests — was  often  nnsutisfncton.*. 

Aoticholera  Inoculations. — Witluii  (he  last  few  ycar^  Haffkine,  in 
India,  has  aucceedeil  in  producing  an  artificial  immunity  against  cholera 
infection  by  means  of  subcutaneous  injections  of  cholera  ciiltiirej.  Two 
or  thre«  injections  are  necessary  to  ^ve  the  greatest  amount  of  protec- 
tion. Animals  treated  by  this  method  are  refractory  to  intm|writoneal 
inoculations,  but  not  to  intestinal  iiijectio[is  or  feedingby  Kof-h's  method. 
In  the  intestines  the  bacteria  seem  to  Ix*  outsiile  the  influence  of  the 
bactericidal  properties  of  the  blood,  ami  the  absorption  of  toxins  is  tco 
great  to  be  neutralized  by  the  small  amount  of  antitoxin.  In  over 
30O.(X)0  persons  whom  he  has  inoculated  the  results  obtained  would 
undoubtedly  seem  to  show  a  distinct  protective  infiuence  in  the  pre- 
ventive inoculations. 

Agglntioiiu.— Five  to  ten  days  after  infection  (natural  or  experi- 
mental) agglutinins  ap[)ear  in  the  blotx)  of  man  or  animal.  These 
are  at  least  in  part  specific.    Tbeir  presence  in  the  blood  is  of  diagnostic 
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importance.  When  present  in  gi^^t  amount  such  agglutinins  can  be 
used  for  identifyiuu  doubtful  spirilla. 

Variations  of  the  Cholera  SpiriUaxn. — From  the  great  majority  of 
all  cases  of  epidemic  cholera  examined,  cholera  spirilla  apreein^  in 
all  essential  characteristics  have  been  obtained,  usually  in  ^reat 
numbers  and  often  in  almost  pure  culture.  In  their  agglutination 
with  a  specific  serum  they  aiv  also  alike.  Some  cultures  agglutinate 
with  more  difficulty  than  otliers,  so  that  the  same  serum  may  agglutinate 
different  cultures  in  dilutions  varying  from  1:1000  up  to  1:10,000. 
Such  a  serum  would  not  iigglntinale  cholera-like  spirilla  above  a  1 :  50 
dilution.  Especially  among  isolated  cases  of  cholern-likc  diseases 
spirilla  are  met  with  which  do  not  a^ree  in  agglutination  charac- 
teristics. 

Biolo^cal  Diagnosis  of  the  Chohra  Vibrio.  Plan  of  Procedure.—.'!. 
Dejecta  (fluid)  or  intestinal  contents  of  a  cholera  patient  or  cholera 
suspect. 

1.  Use  one  drop  (one  platinum  loop)  for  gelatin-plate  cultures,  mak- 
ing two  dilutions.    Do  thus  in  duplicate  or  triplicate.    Culti\-ete  at  22°  C. 

2.  Inoculate  a  couple  of  bouillon  luWs  and  a  couple  of  Dunham's 
1  per  cent,  peptone  solution  with  one  drop  each,  and  place  them  in  the 
incubator  (37°  to  liH°  C)  for  six  to  eight  hours. 

3.  Kxamine  a  drop  of  the  dejecta  in  the  hanging  drop. 

4.  Examine  a  drop  of  the  dejecta  in  .stained  cover-glass  preparation.' 

5.  Make  gelatin  plates  from  one  drop  taken  from  the  surface  of  each 
of  the  bouillon  and  peptime  solution  tubes  an<I  cultivate  at  22"  C. 

6.  As  soon  as  the  plates  (see  1  and  H)  are  sufficiently  developed 
(thirty-six  to  forty-eight  boui^)  Bsh  the  suspected  cholera  colonies 
and  use  the  material  for  the  following  procedures: 

7.  Inoculate  six  or  eight  peptone  tubes  (I  per  cent,  peptone  and  0.5 
per  cent.  NaCl  in  distilled  water)  and  place  them  at  once  in  the  incu- 
bator.    Note  the  time. 

S.  Kxamine  hanging  dro]>  for  form,  size,  anil  motility  (and  arrange- 
ment). 

0.  Make  staineil  cover-glass  pn'pnrutions  and  examine. 

10.  Then  trv  indol  renrlion  with  the  same  tulies. 

1 1.  While  these  Udx*s  are  iuoubating  use  material  from  the  suspected 
colonies  on  the  plates  (1  and  .'>'l  for  hanpng-drop  cultures. 

12.  Meanwhile  make  stained  cover-glass  ])reparations  from  other 
colonies  of  su.spected  cliolera  on  the  plates  0  an<i  IS). 

13.  Make  gelatin-tul>e  cultures  from  colonies  on  plate.s  (1  and  5). 

14.  Make  gelatin-tul>e  cultures  daily  for  five  or  six  days,  to  study 
shH[M>  of  gmwth  along  the  line  of  [luncture  to  prest^rve  the  culture. 

■  TbcM  dlraet  mletowople  «zn.mln«Uoniof  Ui*  Inuniiul  contmu  «ra,u  a  nile,  ?ny  iiiihU» 
bMory,  aL  leul  In  iboM  in  whii^li  Ui«  lymptoina  «r»  nut  nwrkod.  In  *  f«n  tli«  aplrult  vrlll  nuko  up 
ftoRiAOto  iDOiwrccut.  of  th«h»ricrl«  pmont.  In  mn«t  nf  th«  ctaea  dnrin;  the  l&st  epidemic  In 
New  York  Dunbam  fuuiid  Hbuuitaucvur  columnnr  «[iUheann)  tfom  ih»  IntMCinal  muccm  iiMm> 
bnno,  Dut]M;f(>ii«firalt[lii,  Ihlc^k  banlUl.utid  urilrn  (vvt  rurveil  bxcilllorMgcaeauoriplnU*— too  font 
lol<leallf)r.  Plate  cuauraiCrata  ibtMshowod  trow  w  to  60  percent,  of  ftll  tbe  «olODl«a  d«T»loplng 
lobechtdnKkpirllta. 
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B.  Suspecteil  water. 

A<I4  to  iM)  v.v.  or  I  litre  of  the  water  to  be  examined  in  a  flnsk  half- 
full  enouf^h  peptone-salt  solutiun  (20  per  eent.  peptone  and  lU  per  cent. 
NaCl)  to  make  a  1  (kt  cent,  solution  of  peptone.  Then  proceed  u 
in  .-1. 

Specific  Skrum  Ueactionb. — All  authors  now  agree  that  the  ditTer- 
enlintinn  of  thi"  cholera  vibrio  from  other  .similar  vibrliR;  caiinnt  alwavs 
be  made  hy  the  cidtiinil  method,  nor  is  the  usual  inoculation  of  anitnab 
sufGcienl.  For  this  purpose  serum  is  employnl  either  bv  malting  uitni- 
(jeritoneat  injections  of  a  surely  fatal  dose  of  the  suii[>ectcd  spirillum 
along  with  the  serum  of  aniuials  immunt/ed  to  utidouhlcd  cholera 
cultures,  or  to  note  wliether  specific  pnilection  us  afforded,  or  the 
Gmber-Widal  test  is  carried  out  in  such  a  way  aji  to  determine  if  spe- 
ciHc  agf^lutination  nf  ihe  spirilla  occurs. 

Spirilla  More  or  Less  Allied  to  the  Cholera  Spirillum. 

The  examinations  of  the  .stools  of  persons  suffering  from  cholera 
have  revealed,  in  a  small  percentajje  of  cases,  st)irilla  resembling  either 
very  cliwely  or  having  a  fair  degree  of  similarity  to  tlie  tnie  cholera 
orgHiitsms.  Further,  in  a  small  j>ercentuge  of  cases  huviiig  chulrraic 
symptoius  no  true  cholera  vibrin>  have  U-cn  found,  but  instead  other 
spirilla  resembling  them  more  or  leas  closely. 

These  may  differ  in  having  two  or  more  end  flagelln,  in  size,  in  pro- 
duction of  nitrites,  etc..  or  they  may  be  identical  in  the  tests  commonly 
employed.  They  all  differ  in  the  six-cilic  agglutination  and  bacterio- 
lytic tests  from  the  cholera  spirilhi  and  among  themselves. 

In  a  recent  epidemic  in  l''gyi)t,  (iollschlich  obtained  from  sixteen  eases 
spirilla  dilfering  from  the  true  spirilla,  and  found  every  mie  distinct 
in  some  characteristic  from  all  ntlu-rs.  .Sime  were  pathogenic  for 
pigeons,  tlirough  inoculation  of  u  snuill  ipiuntity  into  the  breast  muscle; 
others  were  atypical  in  their  development  in  nutrient  gelatin.  None 
of  these  micro-oi^aiiisms  injected  into  animals  imiuceil  production  of 
agglutinins  for  the  true  cholera  spirilla. 

Kolle  and  (iotfsrhlich  consider  these  varioiLs  .spirilla  found  by  them 
in  i''g>'pt  as  well  as  others  found  by  difTerent  investigators  in  Inilia, 
Oermany,  and  elsewhere  to  be  snprophyti-s.  It  is  more  pntbable,  in 
the  writer's  opinion,  that  .some  of  tliein  must  be  consideretl  as  iM-aring 
a  |Mirt  in  eicciting  u  cholemdike  tlisea.se,  but  that  they  an*  not  ver\' 
pathogenic  and  ret|uire  ver\'  favorable  conditions  before  they  can  exert 
their  action. 

Some  s|>ecial  varieties  of  spirilla  resembling  those  of  cholera  have 
receive<l  es)»ecial  attention  on  account  of  having  l>een  obtained  liefore 
it  wiLs  known  that  so  many  cholera-like  vibrios  existed.  The  vibrio 
Bemlinensis.  cultivated  by  Nei.s.ser  fniiii  KeHin  sewage-waler;  the 
vibrio  DanubiciLs,  cultivated  hy  JIausst>r  from  canal-water,  and  lite 
%-ibrio  of  .Massowali,  ctdlivatwl  hy  Pustjuate  from  a  case  during  bd 
epidemic  of  cholera,  all  arc  negative  to  the  siwcific  serum  reactions. 
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and  differ  in  the  number  of  terminal  Hafiella  or  in  other  characteristics. 
Cunningham  found  a  nunil>er  of  such  .spirilla  in  ruses  of  apparently 
true  I'holera  U\  India.  Some  f>f  these  inav  have  l»een  tnie  cholera 
spirilla  and  others  may  have  had  some  relationship  to  tlie  disease  in 
the  person  from  which  they  were  derivetl. 

SpiriUum  of  Finkler  and  Prior. 

Because  of  their  prurninenw  in  literature  and  their  fretjuent  use  in 
teaching,  the  spirilUmi  of  Kinkier  and  Prior,  that  of  Metciinikoff,  and 
that  of  Deoeke  are  of  considerable  inteiesl, 

Finkler  and  Prior,  in  ISS-l,  obtained  from  the  feces  of  patients  with 
cholera  nostras,  after  allowing  the  dejecta  to  stand  for  .some  days,  a 
spirilhini  which  is  of  interest  mainly  because  it  .simulates  the  comma 
bacillus  of  Koch,  hut  differs  from  if  in  several  eidtural  peculiarities. 

fh..  i-jr. 
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S[4rlUain  ai  Ftnkkr  Kud  Priui.     /  1100  lUamelvn. 

Morphology. — Somewhat  longer  and  thicker  than  the  spirillum  of 
Asiatic  cholera  nn<l  not  so  iinifonn  in  diameter,  the  ceiitml  portion 
being  usually  wider  than  the  pointed  ends. 

Biology.— An  aerobic  ami  facultutive  anaerobic,  liquefying  spirillum. 
J^ocs  not  form  spores.  IJMin  gelatin  plates  small,  white,  punctiform 
colonies  are  developed  at  the  end  of  twentj'-four  hours.  These  are 
round,  but  Ies.5  coarsely  granular,  darker  in  color,  and  with  a  more 
sharplv  detined  border  than  the  roinma  bacillus.  Licpiefaetioii  of 
the  gelatin  around  these  cnloiiit-s  pi-ogn-s.ses  rapidlv,  and  at  the 
end  of  forty-eight  hours  is  usually  complete  in  plates  where  they  are 
numerous.  In  ijelniin-stivk  mliurca  liquefaction  pmgres.ses  much  more 
rapidly  than  in  similar  cultures  of  the  cholera  spirillum,  and  a  stocking- 
shaped  pouch  of  litiuclied  gelatin,  already  seen  after  forty-eight  hours, 
is  filleii  with  a  cloudy  liquid.  The  iLipiefaction  increases,  and  in  twenty- 
four  hours  more  reaches  tlie  side.s  of  the  tube  in  the  upper  part  of  the 
medium;  by  the  end  of  the  week  the  gelatin  is  usually  completely  lique- 
fied.    Upon  the  surface  of  the  litjuefied  medium  a  whitish  film  is  seen. 
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Upon  agar  there  is  a  soiiiewlmt  more  luxiiriaiil  gmwth  than  is  seen  with 
the  cholera  vibrio.  ITpon  potato  this  spirilliini  ^rows  fit  room  lempera- 
ture  aiul  pnxhices  a  shiny,  Rravish-yellow.  glistening  hiyer  which  soon 
extends  over  the  entire  surface.  The  cholera  spirillum  elites  not  grow 
at  rooD)  temperature,  iind  in  the  incubator  produces  a  thin,  brownish 
layer.  The  absence  of  ag^Uitintitiou  with  a  suitable  <!ilutioii  of  (he 
scrum  of  an  animal  iinmuniited  to  the  cholera  spirilhini  is  a  valuable 
ditferenlial  sign. 

In  ISS^  Miller  observed  a  eur\'ed  bacillus  in  a  hnlhnv  tix»tli,  which 
from  iLs  liehnvior  in  microscopic  prejMirattons.  in  cultures,  ntul  animal 
ex|>f>riuiriil>i,  is  pnilmblv  identical  wttti  the  Fiukler  and  Prior  spirillum. 
Very  similar  spirilla  have  been  foimd  by  others. 

Spirillum  of  Metchnikoff. 

Discovered  in  1888,  in  Odessa,  by  Ganialeia  in  the  inteMinal  con- 
tents of  fowls  dying  of  im  infectious  disease,  which  jirevails  in  certain 
parts  of  Etussia  ilnnog  the  .summer  months,  and  winch  present*)  symp- 
toms resembling  fowl  cholera.  Gamaleia's  experiuienls  slmw  (bst 
this  organism  is  the  cause  of  the  disea.se  mentioncf].  It  has  since  Iwen 
found  l>y  Pfuld  imd  I'feitTer  in  the  water  of  the  Spree  at  Berlin,  and 
in  the  L.ihn  by  Kutchler. 

Morphology  .^Morphologically  this  spirilUim  is  almost  identical 
with  the  cholem  spirilltun.  In  the  bUxMl  of  inoculateil  pige^Hus  the 
diameter  is  sometimes  twice  as  great  as  thiit  of  the  cholera  spirillum, 
and  iilniost  ccK-cus-lIke  forms  are  often  found.  .\  single,  long,  undulat- 
ing  HKgellura  is  attached  to  one  end  of  the  spiral  filaments  or  curved 
rods. 

Stain»  with  the  usual  aniline  colors,  but  not  by  Gram's  nieth<Kl. 

Ooltural  Characters. — I'pon  gelafin  pUtiff  the  vibrio  Metchnikoff 
grows  coiisitierably  fa.ster  than  the  cholera  vibrio;  small,  white,  pnncti- 
fomi  colonies  are  developeil  nt  the  enfl  of  twelve  hours;  the.'w  rapidly 
increase  in  size  and  cause  li(|uefaction  of  (he  gelatin  within  twenty- 
four  to  thirty  hours.  .\t  the  entl  of  three  days  large,  saucer-like  areas 
of  liquefaction  may  be  seen,  the  contents  of  which  are  turbid,  as  a 
rule.  In  gfliitin-stirk-  ndfurfx  the  growth  is  alniast  twice  as  rapid  as 
the  cholera  bacillu.s.  In  bouHUm  at  37°  C.  development  is  very  rapid, 
and  the  liquid  becomes  clouded  and  opa((ue,  an<l  a  thin,  wrinkled  film 
forms  upon  the  surface.  On  the  addition  of  pure  sulphuric  ucid  to 
twenty-four-hour  peptone  cultures  a  distinct  nitrosoindol  reaction  is 
produced.  iWi7i  is  coagulated  and  acquires  a  strongly  acid  reaction. 
The  spirillum  is  not  u^lutinated  by  the  specific  cliolera  agglutinin. 

Pathogenesis.  —  The  vibrio  Melchiiikoff  is  pathogenic  for  fowls, 
pigeoas.  and  guinea-|>igs.  A  small  quantity  of  ii  virulent  culture  fed 
to  chickens  and  pigeons  causes  their  death  with  the  local  and  general 
symptom.^  of  fowl  cholera.  At  the  autopsy  the  most  constant  ap[>enr- 
ance  is  hypericmia  of  the  entire  alimentary  canal.  A  grayish -yellow 
liquid,  more  or  less  mixed  with  blood,  is  found  in  considerable  quantity 
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in  the  small  intestine.  In  the  watery  fluid  large  numbers  of  spirilla  are 
found.  A  few  drops  of  a  pure  culture  inoculated  subcutaneously  in 
pigeons  produce  septicsemia  and  cause  their  death  in  twelve  to  twenty- 
four  hours. 

In  contradistinction  to  the  pathogenic  vinilence  of  these  spirilla 
for  pigeons  and  guinea-pigs,  the  cholera  spirillum  is  much  less  patho- 
genic. Pigeons  are  not  killed  by  the  intramuscular  inoculation  of  pure 
fresh  cultures  of  the  vibrio  cholerre.  The  pathogenic  action  of  the 
vibrio  Metchnikoff  upon  pigeons  and  guinea-pigs,  producing  in  these 
animals  general  septicaemia  and  death,  is,  therefore,  a  characteristic 
point  of  difference  between  this  and  the  spirillum  of  Asiatic  cholera. 

Within  recent  years  numerous  other  spirilla,  the  so-called  "water 
vibrios,"  have  been  found  while  looking  for  the  cholera  spirillum. 


CHAPTER  XXXI. 

GLANDERS  BACILLUS  (BACILLUS  MALLEI). 


This  hanllti?  was  discovered  and  proved  to  be  the  cause  of  glanders. 
by  uiotalKiii  in  [nirx-  riiltiirv  and  i*oniiniini('aiion  to  animaU  by  inocn- 
tiition,  by  several  bat'teriologists  almost  at  the  same  time  (IS82).  The 
bacilli  were  first  obtained  in  impnre  cultures  by  Uouchard,  CapiUn, 
and  Charrin,  and  first  acairately  studied  in  pure  culture  by  l.-oeflBer 
and  ScbUtz.  Tbey  are  present  in  tbe  recent  nodules  in  animals  afTecte<i 
with  glanders,  find  in  tlic  diRrbarge  from  tbe  nostrils,  pus  from  the 
sperifir  nlcers.  etc.,  and  occHsinmilly  in  the  blood. 

Morphology. — Small  bacilli  wilb  ronnHe«l  or  pointed  emb,  from 
nutriecit  .ifiar  cultures.  0.2o/^  to  DMfi  Ijroad  and  from  1.5/'  to  5/'  long; 
usually  sinple.  but  sometimes  united  in  [»airs,  or  Krowing  out  to  loufc 
filaments,  especially  in  potato  cultures.  The  bacilli  fre<|ue»tly  break 
up  into  short,  almost  coccus-like  elements  TFig.  126). 

Staining. — ^The  bacillus  mallei  ifiaitu  with  difficulty  with  the  aniline 
colors,  best  when  the  afpieous  solutions  of  these  dyes  are  maile  feebly 
alkaline;  it  is  decolorized  by  Gram's  method.  This  bai-illus  presents 
the  peculiarity  of  lasiiig  verj*  tpiickly  in  decolorizing  solutions  the  color 
imparted  to  it  by  the  aniline-staining  solutions.  Fur  this  reason  it  is 
difficult  to  stain  in  sections.  Loeffler  recommends  hb  alkaline  mcthy- 
Icne-bluc  solution  for  staining  sertions,  ami  for  decolorizing  a  mixtuir 
containing  10  c.c.  of  distilled  water,  2  drops  of  strong  sulphuric  acid, 
And  1  drop  of  a  .'i  per  cent,  solution  of  oxalic  acid;  thin  sections  to  be 
left  in  this  acid  solution  for  6ve  secon<ls. 

Biology. — An  aerobic,  non-motile  bacillus,  whose  molecular  move- 
meiiKs  fire  so  aetivc  that  they  have  often  iM-en  taken  for  motility.  It 
grows  on  various  culture  media  at  'A7°  C.  Development  takes  place 
slowly  at  22°  C.  and  ceases  at  43°  C.  The  bacillus  does  not  form 
spores.  Exposure  for  ten  minutes  to  a  temiierature  of  55*  C.  or  for 
fire  minutes  to  a  3  to  5  jht  cent,  solution  of  rarlmlic  acid,  or  for  two 
minutes  to  a  l:5tM)()  sohirion  of  mercuric  chloride,  destroys  its  vitality. 
As  a  nile,  the  bacilli  do  not  grow  after  ha^nng  l>een  presen-ed  in  a 
desiccateil  condition  for  a  week  or  two;  in  distilled  water  they  are  also 
(piickly  destroyed.  It  is  dnidilfut  whether  the  glamlers  harillus  finds 
conditions  in  nature  favorable  to  a  saprophytic  e>istence. 

OoltivatioD.  (Fur  mcthnds  of  st-jMimlion  .sec  page  411,) — It  grows 
well  in  the  incubating  oven  on  yhfccrin  agar.  I'pon  this  medium  at 
the  end  of  twenty-four  to  forty-eight  hours,  whitish,  transparent  colonies 
are  developed,  which  in  six  or  seven  <la\'s  may  attain  a  diameter  of 
7  or  S  mm.     On  hlood  serum  a  moist,  opaque,  slimy  layer  develops. 
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which  is  of  a  yellowish-brown  tinge.  The  growth  on  cooked  potato 
is  especially  characteristic.  At  the  end  of  twenty-four  (o  thirty-six 
hours  at  37*  C  a  moist,  yellow,  Iraanparenl  layer  develops;  this  later 
becomes  deeper  in  color,  and  finally  takes  on  a  reddish-brown  color, 
while  the  potato  ahont  if  acquires  a  greenish-yellow  lint.  In  htmillon 
the  bacillus  causes  ditTuse  clouding,  ultimately  with  the  formation  of  a 
nirirv  or  less  ropy,  lenacinns  scfliiiient.  It  gmw.s  mi  nnMlia  possessing  a 
slightly  acitl  reaction,  and  both  with  and  without  oxygen.  MUk  is 
coagulated  with  the  pnntudion  of  acid. 

Pathogenesis. — The  bacillus  of  glanders  is  pathogenic  for  a  numljer 
of  animals.  Among  those  which  are  most  susceptible  are  horses,  asses, 
guineo-pigs.  cats,  dogs,  ferrets,  moles,  and  field  mire;  sheep,  goats, 
swine,  ral>bits,  white  mice,  ami  hou.se  mice  are  much  less  susceptible; 
cattle  are  immune.  Man  is  susceptible,  and  infection  not  infrequently 
terminates  fatally. 
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When  pure  cultures  of  the  bacillus  mallei  are  injected  into  horses 
or  other  su.sceptible  animals  true  glanders  is  prodnceil.  The  disease 
is  clinniclerizcd  in  the  horse  by  the  fonnation  of  ulcers  upon  the  nasal 
mucous  luembrane,  which  have  irregidar.  thickened  margins,  and 
secrete  a  thin,  vinilenl  nuiciis;  the  submaxillary  lymphatic  glands 
become  enlarged  and  form  a  tumor  which  is  often  lobiilated;  other 
K'niphatic  glands  Ih-chmic  inflamed,  and  some  of  them  suppurate  and 
open  externally,  leaving  <Iecp.  open  ulcers;  the  lungs  are  also  involved, 
and  the  breathing  l)c<:f]nics  rapid  and  irregular.  In  farcy,  which  is  a 
more  chronic  form  of  the  ilisejLse.  circnnisc-riljed  swellings,  varying  in 
si7«  from  a  |)ea  to  a  hazel-nut.  apjiear  un  different  parts  of  the  body, 
especially  where  tlw  skJn  i.s  thiiinrst;  thcsr  siippiiriitc  and  leave  aiigry- 
looking  ulcers  with  ragged  eilges.  fnim  which  there  is  an  abundant 
purulent  discharge,  liie  bacillus  of  glandere  can  easily  be  obtained 
m  pure  cultures  from  the  interior  of  suppurating  nodules  and  glands 
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which  have  not  yet  opened  to  the  surfara,  and  the  same  material  wiD 
give  successfnl  results  when  inrtciiUterl  into  .sn.ireptihie  animaU.  The 
discharge  from  the  nostrils  or  fmni  nn  open  ulwr  inav  t-ontain  t-oni- 
paralively  few  hacilli,  aiul  ihesr  Ix'ing  assopialed  with  other  hncleria 
whicli  Krow  more  readily  on  the  t-ulture  iue<lia  than  the  bacillus  tiiallei, 
make  it  difficult  1«  ohtain  pure  ciihures  from  sucli  material  hy  the 
plale  method.  In  thai  ca.se,  however,  guinea-pi^  inoculations  are 
useful. 

Of  test  animals  ginnea-pigs  and  field  mice  are  the  most  5U5ceptihle. 
In  guiiiea-jiigs  subcutaneotis  injections  aw  followed  in  four  or  tix-e  days 
by  swelling  iit  the  point  of  inoculation,  ami  a  tumor  with  caseous  con- 
tents soon  Jevelojis:  then  nlccnilion  of  the  skin  takes  place,  and  n 
chronic  pundent  ulcer  is  fonniNl.  Tlie  essential  lesion  Ls  the  granulo- 
matous tumor,  characterised  hy  the  presence  of  numerous  hinphoid 
ancJ  epithelioid  cells,  amonp  and  in  which  arc  seen  the  (glanders  l>actUi. 
The  lymphatic  (jlands  become  inflamed  and  general  symptoms  of  infec- 
tion are  developed  in  from  two  to  four  weeks;  t!ie  glands  suppurate 
and  in  males  the  testicles  are  involved;  finally  purulent  inflammation 
of  the  joints  occur,  and  death  ensues  from  exhaustion.  The  formation 
of  the  sfH'cific  ulcers  upon  the  nasal  mucous  membrane,  which  char^ 
acterizes  the  disease  in  the  horse,  is  rarely  s?en  when  guinea-pips  are 
inoculated.  In  thcst^  the  ]ir(.»cess  is  often  prolonfied,  or  peniaiiL-j  local- 
ized on  the  skin.  They  succumb  more  rapidly  to  intraperitoneal  injeo 
tion,  usually  in  from  eight  to  ten  days,  and  in  males  the  testicles  are 
invariably  affected. 

Mode  of  Sprisad.— Glanders  occur  as  a  natural  infection  only  ia 
horses  and  asses;  the  flisea.se  is  occasionally  communicated  to  man  by 
contact  with  atTecte<)  animals,  usually  by  inoculation  on  an  abraded 
surface  of  the  skin.  Tlie  contagion  may  al^o  l»e  receive*!  on  the  mucous 
membrane.  Infection  has  sometimes  l»een  proihieed  in  baclcrioUijjieal 
laboratories.  In  man,  an  acute  and  chronic  form  of  glanilers  may  lie 
recognized,  and  an  acute  and  a  chronic  fonn  of  farcy.  The  disease  is 
fatal  in  about  60  per  cent,  of  the  ca.tes.  It  is  transmissible  also  from 
man  to  man.  Washerwomen  have  been  infected  from  the  clothes  of 
a  patient.  The  infective  material  exists  in  the  secretions  of  tlie  nose, 
in  the  pus  of  glanders  nodules,  and  freipiently  in  the  blooil;  it  may 
occasionally  t>e  fount]  in  the  .sei-retions  of  glands  not  yet  affected,  as  in 
the  urine,  milk,  and  suliva,  and  also  in  the  fu'tus  of  diseasefl  animals 
(Bonome).  From  recent  obscr\'ations  it  appears  that  glanders  is  by  no 
means  nn  unc<Mnitinii  liisease  anjong  horses,  particularly  in  southern 
countries,  sometimes  taking  a  mild  course  and  remaining  latent  for  a 
considerable  time.  Horses  apparently  healthy,  therefore,  may  possibly 
Bpre^ad  the  dLsea.se. 

Attenuation  of  virulence  occurs  in  cultures  which  have  lieen  kept 
for  some  lime,  and  imx-ulatiotis  with  such  cultures  may  give  a  iiegntive 
result,  or,  when  considerable  quantities  are  injected,  may  pHnluce  a 
fatal  result  at  a  later  date  than  is  usual  when  small  nmounls  of  a  recmt 
culture  are  injected. 
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Immomty. — Attempts  have  been  made  to  produce  artilicuLt  immu- 
nity ligninst  jilamlcrs,  but  so  far  with  unsatisfactorj'  pesiills.  According 
to  Straiiss,  by  intravenous  inoculations  of  small  f|uantitit'-s  of  living 
bacilli,  dogs  may  be  protected  agaiiist  an  injection  of  quantities  which 
iisiially  kill  them.  Fen^ter  has  found  that  animals  inoculated  with 
glanders  bacilli  react  less  powerfully  to  fresh  injections;  and  that 
rabbits  which  have  recoverpd  from  an  injection  of  planders  are  sulise- 
quenlly  inunune,  the  immunity  lasting  for  from  tltree  to  six  xveeks. 
Ladowski  )ui8  obtained  positive  results  also  in  rabbits  and  catA  by 
intravenous  injections  of  strriHzed  cnUnres.  Other  observers  have 
reported  not  on!v  the  proihiftion  of  initnunity.  but  also  enn-s,  by  the 
use  of  matleiu.  This  is  pitparcci  in  the  same  way  as  tuberculin,  it 
consists  of  the  glyccrinated  bnuillou  In  which  the  pianders  bacilli  have 
grown  and  which  contains  the  prtKjucts  of  their  growth  and  activity. 
Concf^ntrated  mallein  is  proihired  by  evaporating  a  six-wceks-old 
culture  of  tlie  glanders  bacillus  in  5  per  cent,  glycerin  nutrient  veal 
bnnillon  to  lO  per  cent,  of  its  orictinal  hulk.  Some  evaporate  the 
culture  fluid  only  to  20  per  cent.  The  dose  is  about  0.5  c.c.  of  the 
former,  or  2  c.c.  of  the  second  prepiiration. 

Vhf.  of  GnxK,\-pirtS  and  Ciri.Tt:iii:a  in  Diagnosis. — It  is  often 
difl^cull  to  demonstrate  microscopically  the  presence  of  the  bacillus 
of  glanders  in  the  nodules  which  have  undergone  purulent  degen- 
eration, in  the  seci-etioiis  from  the  nostrils,  or  in  the  pus  from  the 
specific  ulcers  and  suppurating  glands.  It  is  then  necessary  to  make 
immediate  cultures  and  also  animal  tests  of  these  discharges  by 
iniiculaling  susceptible  anitimls,  as  guinea-pigs  and  mice,  and  then 
from  these  to  obtain  a  pure  culture;  but  this  rei|uires  time,  ami  in 
clinical  work  it  is  of  givat  impurtance  for  the  diagnosis  to  be  estflb- 
Ibhed  as  quickly  as  possible.  With  (his  view  Strauss  has  preparetl  a 
roethw)  which  is  prompt  iind  which  has  given  very  .satisfactory  results. 
This  consists  in  introducing  into  the  peritoneal  cavity  of  a  male  guinea- 
pig  some  material  or  a  culture  from  the  suspected  protlucls.  If  it  be 
&  case  of  planders,  the  diagnosis  may  l»e  matlr  within  two  or  three  days 
from  the  tuniefaclifni  of  the  trsticles.  whiifi  liecorae  refl  and  swollen, 
ami  show  evidences  of  pus  formation.  (Jne  objection  to  this  methiMl, 
however,  is  that  occasionally  from  the  injection  of  impure  inaTeHal, 
as  in  the  nasal  secretion,  the  animal  may  die  of  septica-mia.  This  is 
particularly  frc(|iient  when  field  mice  ate  used  for  the  tests;  but  if  pure 
matter  can  Ije  obtained,  as  from  the  lymphatic  glanrls  of  the  horse, 
this  method  is  entirely  satisfactory. 

DiACNOSTic  L'sE  OF  Mallein.— The  diagnosis  of  glanders  in  horses, 
in  which  the  usual  symptoms  of  the  disease  have  not  yet  manifested 
themselves,  or  in  which  it  is  suspected,  may  often  be  made  by 
the  use  of  mallein.  Following  an  injection  of  mallein  in  a  glander- 
ous horse  (best  made  about  midnight)  there  will  l>e  a  local  reac- 
tion, and  a  gt'iieral  reaction  with  a  rise  of  temperature.  The 
temperature  usually  begins  to  rise  three  or  four  hours  after  the 
injection,  and  reaches  its  maximum  between  the  tenth  and  twelfth 
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hour.  Sometimes,  however,  the  highest  point  is  not  reached  until 
fifteen  or  eighteen  hours  after  the  injertion.  'I'his  elevation  of 
temperature  is  from  1.5°  to  2°  C.  (2°  to  3.5°  F.).  almve  the  nomidi 
mean  teiujteralure.  In  a  healthy  animal  tlie  rise  of  tcinperalure,  as  a 
nile,  amounts  to  only  a  few  tenths  of  a  rlej^ree,  but  it  may  reach  1°  C 
The  rise  of  temjMTature,  however,  stinuhl  be  consitlereil  always  tn 
connection  with  the  jjeneral  ami  local  reactions.  In  «  glanderous 
animal,  after  &n  injection  of  inallein,  the  ffeneral  condition  is  more  or 
less  profoundly  motlified.  The  animal  haa  a  dejected  appearance; 
the  countenance  is  pinched  and  anvious,  the  hair  is  rouf^h,  the  flank  is 
retracleil,  the  respirations  are  rapid,  there  are  often  rigors,  and  the 
appetite  is  gone.  In  heallliy  aniinals  the  general  syinptonw  dc>  not 
occur.  Tlie  local  reaction  around  the  point  of  injection  in  a  glanderous 
animal  is  usually  very  marked.  A  few  hours  after  the  injection  there 
appears  a  large,  warm,  tense,  and  very  painful  swelling,  nnd  ninniag 
fmm  this  will  l>r  seen  hot.  sensitive  lines  of  sinuous  lymphatics,  directed 
towarfl  the  neighboring  lymphatic  nodes.  This  twlema  inrreases  for 
twenty-four  to  thirty-aix  liours  and  persists  for  several  days,  not  dis- 
apjiearing  entirely  for  eight  or  ten  daj-s.  In  healthy  animals,  at  Ih* 
point  of  injection ,  mallein  pnMluces  only  a  small  (edematous  tumor,  and 
the  fpdeina,  instead  of  increasing,  diniinLshes  rapidly  and  dliappears 
within  twenty-four  hours.  The  value  of  this  test  has  Ijeen  demon- 
strated by  numerous  exiwrimenta.  There  arc  some  exceiJtions  to  the 
rule  as  described  above,  hut  they  are  infrequent,  and  mallein  has  been 
used  ttith  considerable  success  as  a  diagnostic  aid  in  ^ietecting  the 
existence  or  absence  of  glanders  in  doubtful  or  obscure  cases. 
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THE  BACILLUS  OF  BUBONIC  PLAGUE-TIIE  BACILLUS  ICl'EROIDES 
—THE  MICROCOCCUS  MELITEXSIS. 

BacUlns  of  Bubonic  Plague  (Bacillus  Bacteritun  Festis  Bubonicee). 

H18TORICAI.LY  we  can  trace  the  biihonic  plague  hnrk  to  (he  tliint 
centurj'.  In  JustiniHii's  rei^rri  h  preat  epitleriiic  spread  over  the  Kunian 
empire  and  before  it  teniiiiialed  destroyed  in  mnjiiy  portions  of  the 
countrj'  nenrl}-  'A\  [xt  cent,  of  llie  peoj>le.  Ainon^  the  most  fatal  forms 
of  iiifeetioii  \s  dial  of  ihe  hings.  l'n<'mnoiiic  cases  are  not  alone  ver)* 
serious,  but  they  readily  spread  infection.  The  bacillus  exciting  the 
disease  was  discovered  simultaneously  by  Kita.sato  and  Yersin  flM94) 
duriiif;  an  epidemir  of  the  bubonic  plitjjriiP  i'>  China.  It  is  found  in 
large  numliers  in  the  seropuruh'nt  fluid  from  the  reeent  biiboe.s  diar- 
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acteristio  of  tbi.s  dlsea-iie  and  in  the  lymphatic  ^land.s;  more  rarely  in 
the  ititenial  organ.s  and  in  the  bloiKi,  in  which  it  occurs  in  acute  hemor- 
rhagic cases  and  shortly  l)efore  death.  It  also  occurs  in  malignant 
eases  in  the  feces  of  men  ami  animals.  The  bacillus  is  clascly  allietl 
to  the  hemorrhagic  septiciriida  ^nmp. 

Morpholofiy. — The  bacilli  in  smears  from  acute  absct\sses  or  infected 
tissues  are.  as  a  rule,  short,  thick  hmIh  with  rounded  ends.  The  centra! 
portion  of  the  bacillus  is  .slijjhtly  convex.  When  liRhtly  staioed  the 
two  emLs  are  morv  colored  tlian  the  mithlle  portion.  The  bacilli  are 
mostly  single  or  in  pairs.     Bacilli  in  .short  chains  occur  at  time?.    The 
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length  of  the  bacilli  varies, but  on  the  a^vrage  is  about  ].6/i  (1.5/^  to  1.7/'), 
breadth  0.5/i  to  (),7/(.  liesiiles  the  usual  oval  form  the  pla^e  haciUus 
has  many  exceptional  variations  which  are  characteristic  of  it.  In 
smears  especiiilly  from  olfl  buboes  one  looks  for  long  bacilli  with  clubbed 
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ends  (similar  to  involution  forms.  Fig.   129),  yeost-Hke   forms,  am 
bladiler  sha|)es.    Souie  of  these  stain  with  difficuhy.     When  ohluined 
from  cultures  the  bacilli  present  not  only  tlje  forms  already  mentioned, 
but  also  long  chains. 

no.  i» 


auining.— They  i^^am  readily  wilh  the  ordinary  aniline  d)fs.  and 
especially  well  with  methylene  blue,  the  emls  being  usually  more  deeply 
colorpd  than  the  rentral  portion;  docs  not  stain  by  Gram's  tnethnd. 
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BioloB7. — An  nSmbic,  Don-inotilc  bacillus.  Grow;)  best  at  30°  to 
^5°  < '.  iJoes  not  form  spores.  Growls  on  the  usual  culture  media,  which 
should  have  a  slightly  alkaline  reaction.  Does  not  liquefy  gelatin. 
Grows  well  on  hhod-^erum  media.  It  grows  rapidly  on  glycerin  agar, 
forming  a  gmyish-white  surface  growth.  The  bacilli  appear,  as  a  rule,  as 
short, plump, oval  bncillljiut  a  fewpresent  elongated  thread  fonns  which 
are  vcrj-  chanieteristic.  In  htmUhm  a  very  eharacttTl.slic  apjiearance 
is  produced,  the  culture  medium  remaining  clear  while  a  granular  or 
grumous  deposit  forms  on  the  Vi'alls  and  on  the  bottom  of  the  tube.  In 
bouillon  and  most  fliiid  media  the  growth  is  in  the  form  of  short  or 
medium  chains  of  very  slinn,  oval  bacilli,  which  look  almost  like  strepto- 
cocci. 

Pathogenesis. — This  bacillus  is  pathogenic  for  rats,  mice,  (guinea- 
pigs,  monkeys,  rabbits,  flies,  and  other  irseel.s,  winch  usually  ilic  within 
two  or  three  days  after  inoculation,  llien  at  the  point  of  inoculation 
is  found  a  somewhat  hemorrhagic  infiltration  and  (pdema.  with  enlarge- 
ments of  the  neighboring  lynipli  glands,  heniorrhagea  into  the  peri- 
toneal cavity,  and  i>arench\'matouii  congestion  of  the  organs.  The 
spleen  sometimes  shows  minute  nodules  resembling  miliary  tubercles. 
Microscopically  llie  bacilli  are  found  in  all  the  orgains  and  in  the  blond. 
The  disease  is  rapidly  communicated  from  one  animal  to  another,  and 
thus  its  extension  is  facilitafeil.  I>uring  epiilemic*,  rats,  mice,  and 
flies,  in  laige  numbers,  become  infected  and  die,  and  the  disease  is 
frequently  trartsmitted  through  them  to  man.  The  organism  is  founft 
at  times  in  the  feces  of  sick  animals,  in  the  dust  of  infected  houses, 
and  in  the  soil. 

The  virulence  of  the  bacilli  in  cultures  and  in  nature  seems  to  vary 
considernblVf  and  rapidly  diminishes  when  grown  on  artificial  media. 
The  growth  in  cidture.s  Ijceomes  more  abundant  after  frequent  tran.s- 
plantalion.  The  vimleiice  of  the  nrgnnism  is  inerejised  by  successive 
inoi-ulation  in  certain  aniimd  species,  am!  then  its  puthogenic  properties 
for  otlier  sjiecies  arc  less  njarketl. 

Yersin,  CaUnettc.  and  Horrel  have  succeeded  in  immunizing  animals 
against  tlie  bacillus  of  bul>onic  iiiaguc  by  inoculation,  tiy  the  intravenous 
or  iiilraperitoneal  injection  of  dead  cultures,  or  by  repeated  subcu- 
taneous inoculation.  They  also  succeeded  in  immunizing  rabbits  and 
horses,  so  that  the  serum  afforded  protection  to  small  animals,  aftersuh- 
etilaneous  injection  <if  virulent  i-ultures,  and  eveii  cured  those  which  had 
been  inoculated,  if  jtilmiiiLstered  within  twelve  hours  after  injection. 
The  senmi  ha.s  considenible  antitoxic  as  well  as  bactericidHl  pn>per- 
ties.  More  recently  this  serum  hns  Iteen  npplied  lo  the  (n'litnicnf  of 
bubonic  plague  in  man.  with  promising  results.  Experience  has  shown 
that  the  treatment  is  more  efficacious  the  earlier  the  stage  of  the  dis- 
ease. When  treatment  Is  Ijegun  in  the  first  day  of  the  attack,  fever 
and  »ll  alarming  symptoms  frequently  disappear  with  nstonishtng 
rapidity.  In  cases  treated  at  a  later  stage  larger  do.sps  of  the  serum 
are  required,  and  even  in  the  favorable  eases  suppuration  of  the  buboes 
is  not  always  prevented.     In  some  of  the  early  ea.se.s  nrid  in  many  of 
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the  rather  lute  ones  the  serum  fails.  When  the  disease  is  far  odvai 
the  seniin  is  powerless.  For  inimtinizing  pnrpusea  the  serum  shouM 
W  vaUiable,  ami  ii  single  injection  would  probably  give  protection  for 
several  weeks. 

Ilutfkiue,  in  India,  has  recently  applied  his  inetho<l  of  preventive 
inoculation  to  the  bubonic  plaf::ue,  as  he  previously  did  with  cholera, 
and  apparently  with  eqnully  gncxi  re:siilts.  This  inclhm]  consi.st.s  in  an 
inoculation  of  <lead  cultures,  and  is  essentially  a  protective  rather  tlmn 
a  curative  trealnient.  It  ^ives  after  six  to  ten  days  u  C(in»iilemble 
immunity,  losting  a  month  or  more.  By  means  of  these  two  nic(hod.<< 
of  iiioculatiou,  along  with  strict  quarantine  regulations,  il  is  to  l>e  hopeiJ 
that  this  disease  which  under  the  name  of  Black  Death  once  decimated 
the  populations  of  the  earth,  ami  whicli  in  the  Kast  atill  causes  great 
mortality  at  times,  may  finally  \te  greatly  restricted. 

Dnr&tion  of  Life  Ontaide  of  the  Body.— In  cultures  protected  from  tlie 
air  ami  IikIiI  thf  plague  bacilli  may  live  one  year  or  more.  In  the  UkI  c» 
of  ileatl  nit.s  they  may  live  tor  Iwn  mnriths.  In  sputum  froui  pneu- 
monic cases  the  bacilli  lived  ten  flays.  I'poii  sugar  sacks,  fuud,  etc., 
they  may  live  six  to  flfttm  diiys. 

Resistaoce  to  Dfllet«rioa8  Infiaeooej.— The  Iwcilli  resemble  the  ct^on 
bacilli  in  their  reaction  to  heat  and  disinfectants.  Boiling  for  one  lo 
two  minutes  kills  them,  (.'arlwilic  acid,  ^  per  cent,  sohition,  kills  rul- 
tun.'  ill  one  minute,  in  '2k  per  cent,  in  two  niimites,  etc. 

Bactfiriolo^cal  Dia^osis. — AVhen  the  lymph  gUtnds  are  acutely  iit- 
Hauied  but  mtt  yet  siippurateil  cut  down  nn  one  iind  make  cultures  on 
nutrient  agar  slanted  in  tnl»e.s.  If  pus  has  formed  with'draw  a  little  by 
means  of  the  hypoflermic  nwdle.  Tlicri'  .should  also  l>e  made  smears 
from  the  suspecte<l  bubo,  or  in  case  of  pneum«>nia  fnirn  the  sputum.  If 
the  patient  is  <leacl.  cultures  from  the  spleen  and  hearts  blood  are  also 
taken  when  possible.  Suspecteil  animaU,  such  as  mis  and  mice,  when 
freshly  killed,  are  exauMiieii  iis  in  man;  when  (decomposed,  ruts  and 
guinea-pigs  .shoulil  be  inoculated. 


Bacillus   Icteroides. 

In  1SS7  Snnarelli  announced  the  disc(»very  of  a  micro-organism 
which  he  clainitil  lo  Ik*  ihe  specific  cause  of  yellow  fever,  lliw  be 
calletl  the  "Imcillus  ictenmles."  It  is  found  in  the  circulating  blood 
and  in  the  tissues  of  most  yellow  fever  patients. 

Morphology. — It  resembles  the  colon  bacilli  iti  many  characteristics. 
Tlic  work  of  Retil  and  his  associates  having  thon>ughly  overthrown  the 
claims  of  .Sanarelli,  its  description  is  omitte<l  with  tl>e  exception  of  a  few 
notes. 

It  stains  readily  with  tlie  onlinary  aniline  dyes,  but  not  by  Gram's 
method . 

Biology. — A  motile,  fa<'ultative,  anaerobic,  non-1  i<^uefying  bacillus. 
Doe.s  tint  rnnn  S{Hirvs  as  far  as  known,  (irows  readily  in  all  the  onlinary 
culture  media  at  the  room  temperature,  but  Ijcst  at  37®  C.  in  the  incu- 
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bator.  Cultures  on  agar  at  20°  C.  are  characteristic,  according  to 
SanarelU.  Grown  at  room  temperature  they  appear  like  drops  of  milk, 
opaque,  projecting,  and  with  pearly  reflections. 

The  bacillus  icteroides  ferments  glucose  and  saccharose,  but  does 
not  coagulate  milk. 

Pafhogenesifl. — It  is  pathogenic  for  the  greater  number  of  the  domes- 
tic animals;  but  birds  are  completely  refractory. 


OT 


CHAPTER   XXXIII. 

KEPRESENTATI\T.  PATHOGENIC  MICRO-ORGANISMS  BELONGING^ 
TO  TH£  HIGHER  UACTERJA. 


o^nic  In  msn 
The  following 


The  members  uf  the  hij;her  bacteria  wliich  are  pa 
have  as  yet  been  incompletely  studied  and  clasjiiHed. 
divisions  sen-e  as  an  atteatpt  at  differentialion: 

1.  Actinomyc€^  is  charatrtfrized  by  tlie  rudiating  wrealji-like  forms 
wliich  it  alone  prtxluce-s  in  the  living  body. 

2.  Streptnihrix,  Iiy  its  nlMindaiit  Inte  hranehing,  wavy  growth,  latrr 
fragmentation,  and  fonnation  of  conidiu',  which  serve  as  or|i!;an.s  of 
pn>pa^itinn,  and  in  this  sense  may  l>c  considered  as  s[M>nes. 

3.  Cfadolhrix.  1)V  its  false  branching,  rapid  fraf^mentation,  and  (hen 
baeillary  characteristics  in  old  cultures. 

4.  Lcptolhrix,  by  its  lacJc  cif  oliser^*ed  l)raiichin([,  non-wavj*  growth, 
but,  on  the  contrary,  stiff,  almost  straight  threads,  in  which  division 
processes  are  seldom  or  never  olisen'ed. 

These  higher  bacteria  may  righily  Ije  c<>»stdered,  according  to  their 
development,  as  a  transition  group  between  tlie  simple  bacteria  ajtii 
the  more  highly  developed  fungi. 

The  streptothrix  group  of  micrtv-organisms  while  having  many 
aflinilics  with  the  hactcriu,  yet  differs  from  them  in  many  iin|>ortunl 
res|)ects  which  link  them  with  the  fungi.  They  develop  from  spore- 
like bodici  into  c\'lindririil  <lichotomou.sly  branching  threads,  which 
grow  into  colonies,  the  appearance  of  which  suggests  a  mass  of  nuli- 
ating  filaments.  I'ndcr  favorable  conditions  certain  of  tl>e  threads* 
become  fruit  liyphn\  and  the-se  break  up  into  chains  of  round,  spore- 
Uke  bodies,  winch  do  not.  however.  Imve  the  same  staining  reao- 
tiona  nor  resisting  powers  as  true  spores.  The  tubercle  grass  ami 
diphtheria  Iwicilli  are  by  si)me  iH-licve*!  to  properly  InOong  in  the  stppjH 
tothrix  group,  on  account  of  ttie  true  branching  fonus  developed  by 
them  under  certain  conditions.  The  actinomyces  fungus  is  by  some 
cla&scd  in  the  streptothrix  gniup. 

The  Micro-orgatusm  of  ActinomycosiB. 

Tliis  parasite  was  first  dlsi-ovcrcd  by  IJollingcr  in  the  ox  ami  givt 
the  name  of  actinomyces,  or  ray  fungus,  by  the  l>uianisl  Ilarz.  'lite 
two  most  important  publication.^  on  the  subject  of  the  biology  of  thb 
micnxirganLsm  are  those  of  Bostroem  and  of  Wolf  and  Israel,  published 
in  1890  and  1S9I,  resi»ectivcly. 
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The  charai-terwtics  of  the  micnHorganism  Hescrilied  by  these  workers 
Hifferod  greftlly  and  have  led  to  ronfusidii.  Boslroem's  organism  grew 
best  at*n>bi<;aliy  ami  devdojx'd  wrll  at  n)oin  tein|>iTature.  He  iiuted 
the  intimate  relation  of  the  or^inism  with  fra^menta  of  grain,  ami  this 
led  to  the  finding  of  similar  mii-ro-urf^itisnis  in  the  outer  woHd  on  graias, 
grasses,  etc. 

There  i»  no  tloiibt  that  some  suppurative  processes  have  been  due 
to  organisms  of  these  characteristics,  but  they  do  not  seem  to  excite 
tnie  aetinomvfosis. 

Wolf  and  Israel  ilescril>e<l  a  miero-organtsm  from  two  human  eases, 
whii'liditFer  froni  llmt  di-srrilH'd  hy  Bo^tnieni,  but  a^n'i-s  with  llu*  niicru- 
organisms  obtiiined  by  most  of  the  more  recent  investigators.  It  grew 
best  ui\<jcr  anai-nibic  conditinii.s  and  did  not  gniw  at  room  temperature. 
Its  growth  was  much  less  luxuriant  than  Bostroem's  micro-organism. 
On  the  surface  of  anaen)bir  agar  slant  cultures  on  the  third,  fourth,  and 
fifth  day  numerou.s  minute  Isolated  dew-drop-like  colonies  appeared,  the 
largest  pinhrad  in  sixe.  These  gradually  became  larger  and  fonned 
ball-like,  irregularly  ntunde*)  elevated  no<lule.s  varying  in  size  up  to 
that  of  a  millet-seed,  exceptionally  attaitiiiig  the  size  of  a  lentil  or  lai^r. 
As  a  rule  the  colonies  did  not  become  confluent,  and  an  appitrently 
homogenenus  layer  of  growtli  was  seen  to  Iw  nuule  up  nf  .scpitrate 
notlules  if  examined  with  a  lens.  In  some  instances  the  colonies  pre- 
sente<l  a  prominent  centre  witli  a  lobulated  margin  and  appeared  as 
rosettes.  A  characteristic  of  the  colonics  was  that  they  sent  into  the  agar 
root-like  projection.^.  In  aerobic  agar  slant  cultures  no  growth  or  a  .slow 
and  very  feeble  growth  was  obtained.  In  stab  cultures  the  growth  was 
.sometimes  limited  to  the  lower  ptirdon  of  the  line  of  inoculation  or  was 
more  vigorous  there.  In  l>ouiHou,  after  three  to  five  days,  growth 
appeared  as  small  white  flake^s,  partly  floating  and  partly  collected  at 
the  biittom  of  the  lube.  Growth  occurred  in  botiillou  under  aenjhic 
conditions,  but  was  better  under  anaerobic  condition.^.  The  micro- 
urganUm  in  .srnear  prt'panitious  from  agar  culturt^  appeared  chiefly  as 
short  homogeneoas,  usually  .'^t^aight,  but  aUo  comma-tike  or  bowed 
rods,  whose  length  and  brea<lth  varied.  In  many  cuhtiros  short  clump 
rods  predominated,  and  in  ittliers  longer,  thicker,  tir  tliinner  individuals 
were  more  numerou.s.  The  eruls  of  tlu^  rods  often  -•'howwl  olive  or  ball- 
like swellinpp.  Some  twenty  guinea-pigs  and  rabbits  were  inoculated, 
mast  of  them  in  the  [x-ritoneal  cavity,  with  pie<"es  of  agar  culture. 
Eighteen  animals  were  killed  after  h»ur  to  seventeen  weeks,  and  four 
were  still  alive  seven  to  iiiae  months  after  the  iinK'ulalion.  .SeventetMi 
rabbits  nnd  one  guinea-pig  showed  at  the  autnpsv  tumor  growths  mostly 
in  the  pcritoDcal  cavity  and  in  one  Instaiiee  in  the  ^ipleen.  In  the  four 
animals  still  living  tumors  were  to  be  felt  in  the  abdorautal  wall.  The 
tumors  in  the  peritoneal  cavity  were  millet-.seed  to  plum  .size,  and  were 
situatcii  partly  on  the  abdominal  wail  and  partly  on  the  intestines,  the 
omentum,  the  mesentery,  and  in  the  liver  or  in  adhesions.  While  the 
surface  of  the  smaller  tumors  was  always  smooth,  tlie  surface  of  the 
larger  tumors  showtnl  small  lieniispherieal  prominences,  giving  them  the 
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appearance  of  conglomcrntcs  of  smaller  tiunon;.    On  section  the  laiger 
tumors  presented   a  tough  capule  from   which  anastomosing  septa 
extended  inward  enclosing  cheesy  masses.     Microscopic  examination 
of  the  tumors  showed  in  all  cases  but  one  tlie  presence  of  typical  actino*  | 
myces  colonies,  in   most  cases  with   typical   "chibs."      V\\e  generali 
histological  apjiearance  of  the  tumors  was  like  tliat  of  actinomycotic  | 
tissue. 

Wolff  in  a  later  paper  reports  that  an  animal  inoculated  in  the  peri-l 
toDeal  cavity  with  a  culture  of  tlie  same  organism  had  lived  a  year  and  a[ 
half.    At  the  autopsy  several  tumors  were  foimd  in  (he  peritoneal  cavity, 
and  in  the  liver  a  large  typical  tumor  in  which  were  many  colonies  which 
by  micrascopic   examination    were  shown  to  be  typical   chib-bearingj 
actinomyces  colonies. 

Naked-eye  Appear&Dce  of  Colonies  of  Parasite  in  Tissues. — In  both  man 
and  animab  ihey  can  Ik*  reiuiily  si'en  in  the  pus  from   ihe  affoctnl 
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reg^ns  as  small,  white,  yellowish  or  greenish  gmnuleiv  of  pinhcad  sise 
(from  0.,5  to  2  mm.  Iti  dtanieter).  ^Vben  pus  lias  not  formed  they  lie 
embedded  in  the  granulation  tissue. 

Microscopic  Appearance. — Mi('n>s<-opically  these  bmlies  are  seen  to  l)e 
maile  up  of  ibivad.s.  which  radiate  from  a  centre  and  present  bulltous. 
club-like  terminations  (Fig.  131).  'lliese  cIuMike  terminatioa^  are 
characteristic  of  the  actinoinyces.  They  are  generally  urmnged  in 
pairs,  closely  crowiUnl  tDp-ihcr,  and  are  very  glistening  in  appcaraiiri'. 
The  threads  which  compose  the  cetitnd  mass  of  tlie  granules  are  from 
0.3/*  to  0.5/'  in  dianieier;  the  chilis  are  from  ftft  to  ft/i  in  diameter. 

The  organism  is  gtairmf  with  tlic  cmliiiar)'  aniline  colors,  also  by 
Gram's  solution;  when  stainei.1  with  gentian  violet  and  by  Gnim's 
metliod  the  threads  appear  more  disiinct  than  when  stained  with 
methylene  blue.  The  clubs  lose  their  stain  by  Gram's  method  and 
take  Ihe  contrast  stain. 
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Isolation  of  ActinomyceB. — Wright'  recommpnrls  that  granules, 
preferably  obtained  from  closed  Ecsion^i,  mv  (irst  thorough!}'  washtnl  lo 
sterile  water  or  bouillon  uncJ  then  crushed  between  two  sterile  glass 
slides.  lu  bovine  casca  make  sure  Uic  grauule  haa  filamentous  masacs, 
for  if  not  no  culture  will  grow.  The  crushed  granule  is  transferred 
to  a  tul»e  of  melted  1  per  eent.  glucose  a^ar  at  40'  C.  The  material 
is  thoroughly  di.stnbuler|  by  shaking  and  the  tube  placed  in  the  incu* 
bator.  A  number  of  grannies  after  washing  sliould  be  placed  on  the 
inside  of  a  sterile  test-tuJM'  and  aninve4l  to  dry.  In  this  way,. should  the 
material  be  contaniinuted,  the  ilrt'ing  of  (he  gninules  for  several  weeks 
may  kill  off  the  other  biicteria.  The  (ube  should  be  examined  daily. 
If  a  number  of  living  filaments  were  adtled  lo  the  agar  a  large  number 
of  colonies  will  develop.  These  will  be  most  numerous  in  the  depth  in 
a  zone  five  to  twelve  millimetres  below  the  surface. 

From  this  primary  rnlture  a  colony  is  cut  out  and  the  bit  of  agar 
washe<i  in  bouillon  and  then  inserte<l  in  a  tube  of  melted  agar.  The 
growth  in  this  will  give  material  for  transplants. 

Is  actinomycosis  due  to  a  single  micro-organism  or  to  a  group  of 
organisms  having  witlely  different  characteristics? 

Wright*  has  recently  made  im  important  research  study  on  this 
question.  His  conclusions  were  as  follows:  From  thirteen  human  cases 
and  from  two  in  cattle  the  organisms  seem  to  be  all  of  one  species,  for 
the  diflFerences  among  the  various  strains  are  no  greater  than  among 
various  strains  of  tubercle  or  diphtheria  bacilli. 

This  micro-<)rgani,sm  grows  well  only  in  agar  an<l  bouillon  cultures 
and  in  the  incubator;  in  the  other  usual  culture  media  and  at  room 
temperature  it  grows  only  very  litUe  or  not  at  all.  It  is  essentially  an 
anaprobe.  It  does  not  form  spore-like  reproductive  e!eineut.s.  In 
cultures  its  colonies  are  similar  in  character  to  colonies  of  the  micro- 
organism in  the  lesions  of  aclinomycosis.  If  cfilories  of  the  micro- 
organism are  immersed  in  animal  Huids,  such  as  blood  serum  and  serous 
pleuritic  fluid,  the  lilaments  of  the  colonies  in  immediate  contact  with 
the  fluid  may,  under  crertain  unknown  cnndilions.  become  investe<l  with 
a  layer  of  hyaline  eosin-staining  material  of  varying  thickness,  and  the 
61amcnt  may  then  disappear.  Thus  .structures  are  proifuced  thai  .seem 
to  be  identical  with  the  characteristic  "clubs"  of  acliuomyccs  colonies 
in  the  legions. 

Inoculation  ex|R'rinuTits  on  animals  were  made  with  the  cultures  of 
the  micro-organLsm  from  thirteen  cases,  inr-liuling  the  two  bovine  cases. 
All  of  these  sti'ains  were  found  to  be  capable  of  forming  the  characteristic 
"club'Mwaring  colonics  in  the  tissues  of  the  experimental  animals. 
These  colonies  were  either  enclosed  in  small  nwlules  of  connective  tissue 
or  were  contained  in  suppurative  foci  within  nodular  tumors  made  up 
of  connective  (issue  in  varying  slages  of  develojjment.  With  the  cultures 
from  most  of  the  cases  noiluKir  lesions  identical  in  histological  character 
with  tliose  of  actinomycosis  were  prwiucwl  in  irioculatecl  animals  and 
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with  some  of  the  ciilturea  relativelv  e.xteiutive  lesions,  coridiilcring  the 
size  of  tlie  urunuil.  'Die  most  p.vt€>iisive  lesions  showtfl  Httli*  pnigrassive 
teiidiMicv,  uiitl  in  only  a  vltv  few  instanix's  did  [imlliplit-iitinn  of  tll« 
micro-organ Uiii  in  the  IkmIv  of  the  inorulaled  nnimiil  seem  pru1ial>le. 
In  view  of  tlic  ntfjative  or  ainhimious  ix-sull-s  of  those  who  have  ino<.tiUted 
lieahhy  nninials  witli  actinomyrcs  dirwtly  from  the  lesions,  it  would 
seem  thai  the  n>:«nlt.s  of  the  Inm'iilHtiun  of  anitnaLs  wtlh  the  rtiUiiras 
descrit>etl  in  this  pa|)er  afford  as  miieh  protif  as  can  be  expected  fiwin 
MUch  experiments  that  the  mien>-organi.sm  in  the  eultures  wus  tdenticaJ 
with  the  mien w^rjjan ism  in  the  original  lesioiLs. 

I  do  iiol  aeeepi  the  pn-valent  l>elii-f,  l)ased  on  the  work  of  Itosiroem, 
Gasperini.  and  otheis,  that  the  sjKX'ifie  infeetious  agent  of  lu-tintmiyeosw 
19  lo  lie  found  airmijg  eeriain  iiranehiiig  iniero-organisms,  widely  dis- 
seminated in  the  outer  world,  which  differ  profoundly  from  actinomyces 
l>ovi.s  in  ha>'ingspori--like  reprtjductive  flenient.s.  I  think  that  these  should 
be  gronpeii  together  as  a  .separate  genus  with  the  name  of  nocanlia,  and 
that  those  cases  of  uiidoubteil  infection  by  thorn  should  be  rnlleii  norard- 
itisls  and  not  aclinoinyi-onis.  'ilie  term  aclinoinyeosLs  should  !»■  used 
only  for  tlios*-  inflarrnnalory  processes  the  lesions  of  which  contain  the 
characteristic  granules  or  "driisen."  Hlmt  a  nocanlia  ever  fonns  (ItMC 
cliaracl eristic  structiirr-s  in  lesions  ppKlncctl  by  it  in  man  or  cattle  has 
not  l)cen  convincingly  shown. 

Because  the  micro-oi^anism  here  tlcscribed  docs  not  grow  well  on  all 
the  ordinary  cidture  media  and  practically  not  at  all  at  room  teraperatuic, 
I  do  not  heheve  that  it  has  its  usual  habitat  outside  of  the  Ixxly.  It 
seems  lo  me  ven'  probable  tliat  it  is  a  normal  inhabitant  of  the  buccal 
cavity  and  gastroltitenlinal  tract. 

The  cultures  are  ijuite  resistant  to  outside  influences,  ilricl.  they 
may  be  kept  for  a  year  or  more;  they  are  killed  by  an  exposure  of  fi?* 
mirtites  in  a  terniieriitnre  of  lifi  C. 

OccuiT«ac«  in  Animals. ^Ai'ttiiomycosis  is  quite  prevalent  Hmone 
cattle,  in  which  it  occurs  enderaically;  it  is  more  rare  among  swine  ana 
horses,  ami  i.i  sometimes  found  in  man.  The  di-'vase  is  rarely  corar 
mtmicated  fmm  one  animal  lo  another  and  no  case  is  known  where  s 
direct  hi-Stury  of  Inimim  contagion  hjis  been  obtaine^l.  The  n>ivftl 
f^niins,  which  frutu  tln'ir  iiatun>  itn^  capable  of  penetrating  the  tis.-sue3, 
have  I)een  ivpeateilly  found  in  centres  of  aclin^imycolie  infection.  'Hiia 
usually  occurs  in  tlic  vicinity  of  the  mouth,  where  injuries  have  l>een 
accidentally  caused.  The  niicro-<trgaiiisni  iiniy  also  be  inlnMliieefl  by 
means  of  carious  teeth,  ("utancous  infection  has  liecn  prmluced  by 
wood  splinters,  and  infection  of  the  hmgs  by  aspiration  of  fragments 
of  teeth  containing  the  fimgu.s.  The  presence  of  the  micm-organiam  in 
cereal  grains,  which  wa.s  fonncrly  accepted,  Li  denied  by  Wright  and 
thcrefoiv  i-criainly  placi-il  in  doubt.  The  further  distribution  of  the 
fungus  after  it  is  intniducefl  into  the  ti.vsiii-.s  is  effected  |nirtly  by  its 
growtli  am)  riartly  by  conveyance  by  means  of  the  lyniphutit*^  and 
1rukoi.>v'le.s.  Not  inrre<|uently  a  mixc^J  infection  with  the  pyt^nic 
cocci  occurs  in  actinomvcosis. 
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In  the  earliest  stages  of  its  pmwth  the  parasite  pives  rise  to  a  small 
^ranvilation  twnior,  not  unlike  That  prrKhicetl  by  the  tubercle  ImumIIus, 
which  eontflins,  in  addition  to  small  round  reiU.  epithelial  elements 
and  plant  cells.  Afler  it  reaches  a  feriatn  size  lliere  is  great  proliferation 
of  the  surrounding  eoiinecllve  tissue,  iind  the  growth  may,  particularly 
in  the  jaw,  liitik  like,  and  \\a-s  tinip  lui.iljiken  for,  osleosiireonm.  riiinlly, 
suppuration  occurs,  wliirh,  according  to  Israel,  may  be  pnHlueed 
directly  by  (he  fungus  it^^elf. 

The  experimetital  production  of  actinomycosis  in  animals  has  l>een 
followetl  by  negative  or  very  unsatisfactory  resuhs.  When  artificially 
introduce*!  into  the  tissues  tlie  organism  is  either  absorited  or  encap- 
sulaicd.  If  introduced  in  large  (juantities  multiple  nodules  are  appar- 
ently fonne«l  in  some  ca,ses,  wln'ch  nuiy  suggest  the  pnKluction  of  a 
general  infective  pnicess;  hut  on  closer  ius|>ection  of  these  no^lules 
the  thread-like  portion  of  the  fungus  is  found  to  have  disapfieiired, 
leaving  only  the  remains  of  the  dub-like  ends,  thus  showing  that  no 
grou'th  has  taken  pla<'e.  l^onHck,  Johiie.  Hotter,  l^iining.  and  Htman 
claim  to  have  obtained  positive  results  in  animals,  but  acconling  to 
Dostmem  these  results  are  not  eonchisive.  The  animals  used  lor  experi- 
mentation have  been  calves,  swine,  dogs,  rabbits,  and  guinea-pigs,  the 
places  of  inoculation  l)cing  the  anterior  rhamlier  of  the  eye,  the  suli- 
culaneoiis  intercelhilur  tissue,  the  peritoneum,  and  the  blooil,  ami  the 
material  employed  for  iuocnintion  being  pns  from  the  infected  regions 
in  jinimuls  and  man,  very  rarely  cultures. 

Streptotbrix  InlectJons. — From  widely  scattered  localities  and  at  long 
inter\'als  of  time  reports  have  l»een  published  describing  unique  cases 
of  disease  prorhiced  by  varieties  of  micro-organisms  belonging  to 
the  genus  streptothrix.  In  some  of  these  cases  points  of  similarity 
ran  he  recognlzpil  in  the  clinical  .symptoms  and  the  gross  [latho- 
l(^cal  lessons,  while  others  rliffer  widely  in  both  respects.  They  have 
been  found  in  bratn  al>scc\ss,  ccn-bnispimil  nicningilLs,  piu'umiinic  areas, 
and  in  other  pathological  comlitions.  Kppinger  injected  cultures 
into  guinea-pigs  and  rabbits,  and  observed  tliat  it  caused  a  typical 
pseudotulK-ix-ulosis,  Consolidation  of  portions  of  both  lungs,  thicken- 
ing of  the  peritoneum,  and  .scattered  nodules  resembling  tubercles, 
were  noted  in  a  ca.se  of  human  infection  a.s  due  lo  a  streptothrix  by 
Flexner,  in  which  the  pathological  ])icture  of  the  di.se-a.se  resemhled 
ao  neariy  tuberculosis  in  hunian  l>eings  (hat  the  two  du^eases  coulil  Ije 
separated  only  by  the  cmisulivc  mien Horgan ism  in  each  case.  Hut  in 
no  Iwo  ca.s**s  rc]iortetl  up  tn  the  present  time  have  (he  ilescriptions 
of  the  micro-organisms  found  agree<l  in  all  particulars.  In  some 
ca.<tes  no  a(te[np1  at  cultivation  was  made.  In  other  cases  numerous 
and  cnrefid  plants  on  various  culiurt'-media  fftile<!  to  develop  the 
siiecific  organism.  In  the  remaining  case.s  in  which  the  streptothrix 
was  obtainefl  in  pure  cidture.  the  descriptions  of  the  growth  rharac- 
leristics  essentially  dltTer.  In  a  recent  review  of  the  literature  Tuttle 
was  able  to  find  the  report<i  of  onlv  twelve  cases  in  which  a  streptothrix 
wai  found  in  sufficient  ahtm^lance  to  have  been  an  important,  if  not  the 
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principal,  factor  in  producing  disease.  These  cases  were  all  fatal,  and 
only  once  was  the  character  of  the  disease  recognizcfl  during  life.  As 
the  clinical  symptoms  and  the  lesioit^  in  tlie  human  subject  as  well  as  in 
the  animab  experimentally  inoculated  witli  the  streptothrix  often  resem- 
ble those  of  miliary  tuberculosLs,  so  that  a  nunitter  ctf  these  cases  have 
been  reported  as  pseudotuberculosis,  the  rinestioii  is  nattirally  sugjtested 
whetlier  such  cases  of  streptolhrix  luberculotiis  are  n<it  Tuore  numerous 
than  the  few*  reported  cases  would  indicate.  The  almost  universal 
prevalence  of  genuine  tuberculosis  and  the  extreme  gravity  of  the  dis- 
ease have  so  long  occupied  the  attention  and  study  of  the  medical  pro- 
fession that  nuicli  is  taken  for  granted,  and  cases  in  which  the  symp- 
toms and  lesiottf  rfsetnble  with  some  closeness  those  chararterislic  of 
the  well-known  disease  may  easily  be  set  down  without  question  to 
the  account  of  the  tultcrcle  bficillus.  The  cases  of  streptothrix  tuber^ 
culosis  so  far  reported  have  all  been  fatal,  and  the  lesions  for  tlie  most 
pari  have  been  widely  distributed,  but  in  a  number  of  cases  old  lesions 
have  been  found  which  suggest  that  the  disease  may  have  Iieen  localized 
for  a  longer  or  shorter  time,  and  then,  by  some  accident,  may  have 
become  rapidly  general.  In  thus  respect,  also,  these  cases  may  resemble 
tubei'culosis.  Whether  all  cases  of  streptnthrix  disease  in  the  human 
subject  are  general  and  fatal,  or,  as  in  tuberculosis  and  actinomycosis, 
there  may  Ije  cases  of  Im-aliaeil  disease  winch  recover,  are  questions 
whieh  have  not  been  decided  at  the  present  time.  The  methods  em- 
ployed to  demonstrate  the  presence  of  tubercle  bacilli  render  the  strcpto- 
thrices  invisible.  Again,  unless  the  ob3er\'cr  keeps  in  mind  the  possi- 
bility of  streptothrix  infection,  he  may  not  appreciate  the  importance 
of  the  slender  threads  with  or  withoiit  branches,  and  may  consider 
them  accidental  bacilli,  or  varieties  of  leptothrix  or  non-pathogenic 
fungi.  As  the  hings  have  flppeared  to  l»e  the  seat  of  the  primary 
infection  in  most  of  the  cases  of  hiunan  stn-ptolhrix  disease,  it  w  very 
flesirable  that  all  cases  presenting  the  physical  signs  of  tulierculcisis, 
in  which  re|>eated  eJUiininations  fail  to  discover  the  tuliercle  ImcUhis. 
should  be  systematically  examined  for  streptothrix  threads.  Tn  this 
way  alone  can  the  frequency  of  the  disease  be  determined.  Gram's 
methoil  of  staining  or  the  Zieht-.Veelson  solution  dewtlorized  with 
aniline  oil  seera  to  l»e  the  most  reliable  ageuL-?  for  demonstrating  these 
organisms.  The  streptotbriceii  are  widely  distributed  and  are  not  very 
infrequently  met  with,  but  as  yet,  with  the  cxccptiuns  mentionwl  above, 
very  little  is  known  about  them.  KriLse  mentions  nineteen  ■varieties, 
incliiiling  the  aetinornyces.  Some  of  them  are  non-patlio^nie;  some 
are  pathogenic  for  certain  anuuals,  and  otlwrs  are  piUhngenir  for  Ijoth 
man  and  animals. 

In  studying  the  descriptions  of  the  different  varieties  of  these  micro* 
organisms,  it  seems  that,  as  in  the  case  of  certain  bacteria,  different 
observers  may  possibly  have  deacriberl  the  same  variety  under  different 
names, 

Tuttle's  report  of  the  case  of  general  streptothrix  infection  at  the 
Presbyterian  Hospital,  gives  such  a  good  clinical,  bacteriological,  and 
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pathological  picture  o(  a  case  of   this  infection   that  a  con$idenil)Ie 
portion  of  it  is  repeater!  here: 

Six  <)u;^s  before  her  admission  to  the  hospital  her  iUness  began  wttJi 
a  severe  chill,  and  fever,  and  pain  in  her  left  side  and  back.  The  fol- 
lowing iiay  tlie  pain  in  the  side  was  worse  and  breathing  was  difficult. 
She  began  to  cough  and  had  some  expectoration,  but  no  blood  was 
noticed  in  the  sputa.  At  irregular  tnte^^'als  she  had  alternating  hot 
and  chilly  sen.sation.s. 

On  admission,  the  patient  complained  of  pain  in  the  left  side  of  the 
chest,  coiigli,  fever,  weakness,  au4l  prostration.  Her  temjierature  was 
103*.  and  her  pulse  and  respirations  were  rapid. 

Physical  Examination. — The  patient  is  poorly  nourished  and  anaemic. 
Lungs:  .Vnteriorly  the  right  lung  is  normal.  On  the  left  side,  over  an 
area  two  inches  by  three  inches  ju.st  to  the  left  of  the  nipple,  there  is 
marked  duliiess  to  percus-iion,  and  bronchial  voice  and  breathing.  No 
rales  are  heard.  Posteriorly,  the  left  lung  is  noniial.  At  the  extreme 
base  of  the  right  lung  there  is  slight  dulness  anci  diminbhed  breathing, 
with  crepitant  rsiles  after  coughing.     The  voice  Is  nontiat. 

The  history  of  the  disease  and  the  phv'sical  signs  indicated  an  attack 
of  acute  lobar  pneumonia,  the  area  of  consolidation  being  small  and 
situated  in  the  lower  part  of  the  left  upper  lobe  in  front.  Fre<|uent 
and  violent  coughing,  with  almost  no  expectoration,  pain  in  the  affected 
side  and  in  the  hiinbar  region,  restlessness  and  sleeplessne.s.s,  and 
involuntary  urination  were  the  symptoms  noted  during  the  first  four 
days  in  the  haspital.  The  piieuitioinr  area  increased  somewhat,  and 
extended  backwunl  to  the  posterior  axilUiry  line,  and  the  teniperaUire 
was  continuous  at  103'*  to  103. ."J".  On  the  fifth  day  the  temperature 
fell  two  degrees,  and  signs  of  resolution  appeared  in  the  consolidated 
area.  The  apparent  iniprovcmcnt.  however.  wa.s  of  short  duration. 
On  the  sixth  day  the  temperature  rose  to  U)4..5°,  and  continued  to 
rise  each  day,  reaching  107.-5°  shortly  before  death,  which  occurred 
on  the  ninth  day  in  the  hospital  and  the  fifteenth  day  of  the  disease. 
During  the  last  four  da-vs  the  patient  complained  bitterly  of  pain  in  the 
lumbar  region  ami  in  the  thighs  and  legs,  nnd  of  intense  vesical  tenesmus. 
The  stools  and  urine  were  passed  invnlinitarily.  Signs  of  consoliilation 
were  found  in  the  right  lower  lobe,  behind.  There  were  repeateti  attacks 
of  j>rofuse  sweating.  On  the  day  before  her  death  three  indurated 
swellings  beneath  the  skin  were  noticed.  One,  on  the  left  forearm, 
about  the  size  of  a  walnut,  apparently  containe4l  pus.  Two,  of  smaller 
size,  were  situated  in  the  right  groin. 

Blood  cultures  from  a  vein  lu  the  arm,  taken  on  the  sixth  ilay,  re- 
mained sterile.  Subsequent  attempts  failed  on  account  of  the  feeble 
cireulation.  The  leukocyte  count  ou  the  seventh  day  was  36.000. 
t«r  Autopsy. — On  the  right  arm,  the  left  forearm,  the  abdominal  wall, 
and  on  both  tliiglis  theiT*  arc  eight  or  ten  slightly  projecting,  rounded, 
fluctuating,  subcutaneous  swellings  from  one-half  inch  to  one  inch  in 
diameter.  The  skin  over  most  of  these  nodules  is  unaltered,  but  over 
the  lai^r  ones  there  is  a  slight  bluish  discoloration.    The  nodules  were 
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found  to  lie  cullectioas  of  Ijliiish-jfray.  thick,  mucilaptiuiu  matler.  which 
is  very  teimcious  ami  ciiii  be  tlmwn  out  into  long  threinU.  The  pericar- 
dium Is  nonnal.  The  valves  an-  normal.  In  the  wall  of  the  ripht  ventrieir 
are  .several  sroatl  white  areas  which  look  like  septic  infarclioiui.  and 
one  of  larj^r  siise  in  ilie  wall  of  ihe  left  ventricle  corrps|>onils  with  the 

iHisiliiiii  of  a  tlinMiiliii.s,  anil  apparciidy  w».s  the  exr-iting  I'an.te  nf  i|. 
.eft  lun^:  In  the  lower  part  of  ihe  up|»ef  lolie  is  an  area  of  t'oiisolidnrmii, 
g;ray  in  color  ami  |mrtly  resoiveil.  Ri^ht  lunj;:  Tlien-  an*  a  few  nii^nt 
pleuritic  ailhesions.  The  lower  lolie  is  thickly  studded  with  niiliarv 
tubercle.s,  and  scatlererl  throu|ih  the  entire  lunp  are  suppurutin^  foa. 
Liver;  '["here  in  n<ithinji  ahnomial.  The  spleen  Ls  norma).  I'ancreaK: 
In  and  inimcdiatety  annind  the  ;;land  there  are  many  small  aboceases. 
Kiilneys :  'l"he  description  of  one  applies  Lo  both.  The  .surface  ia  evety- 
wbere  and  evenly  dotte^l  with  minute  white  .spots,  which  suggest  septic 
emboli  miller  than  tulwrcle.s.     A  few  prrMninent  white  nodules,  from 
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one-*piar1er  irjfh  to  one-hatf  inch  iti  diameter,  contain  thick,  tenacious 
matter  (Fig.  134).  Section  shows  tliat  the  entire  .sulwtancc  of  the 
kidney  is  densely  studded  with  the^c  minute  white  granules. 

The  ijrosx  pathological  comiitions  were  interpreted  as  follows:  An 
old  tut>ei-ciilou.s  nodule  tn  the  ri^ht  hing;  acute  miliar,'  tnlierculoi.^is  of 
the  right  lung  and  peritoneum;  acute  lobar  pneumonia,  atTecting  the 
left  hing;  .septic  infarctions  ami  pya-mic  alu^cesses  of  Iiotb  InngH,  heart 
muscle,  both  kidneys,  pancreas,  mesenteric  Ivmph  nodes,  nnd  snlieu- 
taneouH  cimneciive  tissue.  The  miliary  lidien-les  of  the  right  lung 
un<i  peritoneum  prcsciileil  the  chanKierii*tic  ap|)carance  of  genuine 
tuljereulosis.  They  were  minute,  hard,  gray,  almost  translucent  nodules, 
while  the  granules  in  the  kidnevs  were  of  an  opaque-while  or  yellowish- 
white  color. 

IClcroscopic  Examination. — .Smears  from  the  al)sces<^-S  beneath  the 
skin  and  on  the  surface  of  the  kidneys  were  stained  with  methyl-blue, 
carlHil-fuclisin,  and  by  Gram's  method.  The  smears  resemble  those 
tmule  of  tenacious  sputum.    There  is  a  large  amount  of  mucoid  material 
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containing  a  considerable  niimlter  of  leukocytes.  Ocaiaionally  irreg- 
ularly cnn'od,  threa(l-sha[>etl  inicnwirfianisnw  are  found.  They  vary 
consirlcrably  in  length  and  thickness,  and  broken  and  apparently 
de^nerating  frngments  are  seen.  The  more  slemler  threails  are  evenly 
Rtaine<l.  Iiut  some  frapinentation  or  Ijeadinp  (»f  the  pmtophisni  can 
gencnilly  Ije  oUserved.  The  thicker  direads  and  broken  fnipneiits  show 
deeply  .stained  ^lobulea  ami  irregular  bodies  in  a  faintly  visible  rod 
or  ihrcad-sliape<l  covering.  Some  branching  threads  are  observed, 
but  more  i^nimonly  they  are  not  branching.  The  fragments  seen  in 
the  smears,  varying  in  length  and  ihickness  and  staining  pmpente.s, 
convey  the  iinpn*-s,sioii  of  a  branching  orf;ani.sni;  the  slender,  more 
evenly  stained  threads  Itelng  the  yonnpT  bninchcs.  and  the  thii-ker, 
bmken,  and  grannlar  fnigmcnts  tlie  parent  iruiiks.  No  other  micro- 
organisms are  found  in  the  smeara.     Sections  from  the  lower  |iil>e  of 
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the  right  lung,  staine<J  vnlh  ha?mato.\ylin  anrl  eosin,  showe<l  in  certain 
pluceii  the  identical  niicmstropic  appeamnces  which  are  considei-ed 
characteristic  of  Inlwrt^ulusis.  There  are  distinct  tubereleji,  of  recent 
growth,  consisting  of  eptthelioiil  cells  and  j(iant  cells.  Others  hove 
grarnilar  or  cheesy  nrntres  with  epithelioid  cells  «Tid  giant  cells  at  the 

!)eripliery;  and  stmie  consist  of  cicatricial  connective  tissue  surrounded 
)y  a  xone  of  ejnlhelioid  cclb  cuntaiiiing  giant  cells.  Many  .sections 
from  tin*  right  lung  showing  the  tubereuloiis  lesions  were  stained  in 
the  visual  way  for  tuberele  bacilli.  Mast  careful  .searching  by  a  iiiiinlicr 
(if  competent  examiners  failed  to  discover  any  tnljercle  bacilli  or  any 
other  micro-organisms.  Stained  by  (inHm'.s  method,  with  care  not  to 
decolorize  too  completely,  threads  like  those  de.scril>eii  in  the  aKscesses 
are  found  in  great  abnndanoe,  but  rather  fnintly  stainetl.  No  threatls 
can  l)e  found  within  the  typical  tul»ereles  with  giant  cells,  but  in  the 
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zones  of  small  ce\U  around  tht^in  they  are  seen  in  great  numbers,  wini 
ing  about  among  tlie  cells  and  forming  a  sort  of  network.  In  the  minute 
foci  of  small  celLs  one  or  two  frugintuts  of  threads  are  gciicrallv  seen, 
and  a  moderate  number  in  the  small  abscesses.  In  the  areas  of  tniire 
diffuse  infiltmtion  these  threads  are  abundant.  No  other  micro-orgao- 
iams  can  he  found  except  in  the  pneumonic  area  of  the  left  lung,  where 
some  groujis  of  cocci  are  seen.  The  Tliivad-like  organisms  arc  also 
found  in  this  area  and  in  the  other  foci  scattered  through  the  lung. 

The  .stjiiiiiiig  methods  dt-scrihed  by  Flexner  were  found  to  give  the 
best  results.  The  nicwt  reliable  and  the  one  requiring  the  least  time 
is  a  inoflified  (Tniin's  ieh-iIuh].  Tin;  sertion»  .slaliied  willi  aniline- 
gentian  violet  are  dipped  for  a  short  lime  in  a  diluted  Gram's  iodine 
solutio!!  anil  thi-ii  treated  with  aniline  oil  until  sufFicient  color  has  been 
removed.  The  anihne  oil  is  then  washed  out  with  xylol,  and  the  section 
is  mounted  in  xylol  baUam.  The  other  method  mentionwi  by  Flexner 
was  found  to  l>e  less  reliable,  but  gave  more  l>eautiful  residts  wh*'n 
successful.  The  specimens  are  first  stained  with  dilute  h»matoxylin 
solution  to  bring  out  the  nuclei  of  the  cells  ami  then  are  stained  with 
carlinl-fuchsin  ami  decolorized  with  aniline  oil  as  before.  I'Ong  staining 
with  cHrbol-fuchsin  and  careful  treatment  with  aniline  oil  are  necessary 
for  sncccs.-*.  Many  times  tlie  nticro-organisnis  were  completely  decolor- 
ized by  this  method,  but  when  successful  the  dark-red  threads  winding 
among  the  blni.«h  nuclei  prwluced  a  striking  picture. 

Caltore  Experiments. — Six  tubes  of  Loeffler  blood  .serum  were  inocu- 
lated  fn^m  the  kidneys.  The  tul>es  were  placed  in  the  inculjator.  On 
the  llunl  day  after  inocidation  miinite  white  colonies  appeared  in 
some  of  the  tu!>es,  and  on  the  fifth  day  all  ihe  tubes  showeil  from  three 
to  ten  or  twelve  simitar  colonie.s  in  each.  The  colonies  increased  in 
size  until  some  of  them  reached  a  diameter  of  one-eighth  of  an  inch, 
but  most  of  them  were  smaller.  The  color,  at  first  white,  change*!  to 
yellowish-white  and  then  to  a  decided  pale  yellow.  Having  attained 
a  certain  size  at  the  base,  the  colonies  ceased  to  extend,  but  became 
more  and  more  prominent.  The  growth  was  apparently  more  rapid 
at  the  [wripherj-,  and  the  fully  <!eveloped  colony  was  roumi,  with  convex 
sides  and  with  a  cup-shaped  depression  at  the  top.  The  height  of  the 
colony  was  sometimes  greater  and  .sometimes  less  than  the  diameter 
of  the  base.  The  well-ileveloped  colonies  cling  firmly  to  the  surface 
of  the  medium  and  are  not  easily  detached  or  brokcd  up.  The  growths 
in  all  of  Ihe  tul>es  were  absolutely  pure,  and  coasLsted  of  branching 
threads  like  thasc  found  in  the  sections.  A  more  minute  description 
of  these  organisms  vnW  be  given  l»elow. 

Transplants  on  I.xx*ffler  blood  serum  produce  a  pale  snlphur-\'ellow 
growth,  forming  a  layer  with  a  slightly  irregular  and  wrinkled  surface 
and  prominent  edges  where  the  growth  ctintinnes  longest.  The  color 
remains  the  same  until  the  medium  drit-.s.wlicn  it  lx*conies  white.  The 
growth  clings  so  tenaciously  to  the  surface  of  the  medium  that  in  remov- 
ug  a  specimen  for  examination  a  portion  of  the  blood  serum  also  is 
*om  away. 
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Loeffler  blood  serum  seems  to  be  the  most  suitable  medium  for  cul- 
tures. The  growth  on  this  medium  is  more  rapid  and  abundant  than 
on  any  of  ihe  other  media  tried. 

On  plain  agar  anc]  glvcerin  agar  the  growth  Ls  the  same  as  on  htiKxl 
serum,  but  is  less  rapidly  ilevelo[>ed. 

In  bouillon  the  growth  is  .slou-  aii<]  takes  place  only  at  the  surface 
and  on  tiie  sides  of  the  tube.  The  bouillon  remains  perfectly  clear 
and  no  pellicle  or  scum  develops  on  the  surface.  If  the  tube  is  not 
disturbed  or  jarred,  minute  white  tufts  are  seen  chnging  to  the  surface 
of  the  ^lass.  But  if  the  tube  is  shaken  even  slightly  they  sink  slowly  to 
the  l>ottom,  forming  a  while,  HufTy  layer.  These  growths  when  undis- 
turbed resemble  mimite  balls  of  tliislle-<low[i.  The  yellow  color  is  not 
apparent  even  in  the  mass  at  the  bottom  of  the  tube. 

It  is  strictly  aerobic.  In  sealed  tulies  a  very  sryint  growth  is  obtained, 
but  when  deprived  of  oxygen  absolutely  no  growth  can  be  detected, 
although  life  is  preserved  for  long  periods.  Cultures  from  a  tube  kept 
for  two  montJis  without  oxygen,  and  showing  no  sign  of  growth,  devel- 
ope<\  rapidly  when  cxpose<l  to  the  air. 

Morphology. — ^The  relative  thickness  of  the  threads  varies  snme- 
wliat  id  dilferent  parts  of  the  same  indiviilual  branching  organi.srii,  and 
considerably  in  specimens  taken  from  diiferent  culture  media.  If  the 
growth  is  rapiti  niid  luxuriant,  tin-  Ibn-ads  are  lliicker  than  in  speciinons 
taken  from  growths  on  less  suitable:  media.  For  instance,  when  gro\\7i 
on  blood  senmi  the  threads  are  comparatively  thick  and  coarse,  but 
those  growing  Jn  bduillon  aR'  very  slender  and  delicate.  The  main 
trunk  also  is  often  thicker  than  the  branches.  When  unstained  they 
are  homogeneous  gray  threads,  without  any  appearance  of  a  central 
canat  or  douhle-contonred  wall.  'I'here  is  :wveT  any  segmentation  of 
the  threads.  When  properly  stained  there  is  always  a  distinct  beading 
or  fragmentation  of  thi>  pmtoplasm,  but  overstaining  with  fnelisin 
pnxluce.s  rather  tvutrse,  eveidy  rvf\  nxls.  The  bmnching  is  irregular 
and  without  symmetry,  and  ttic  branches  are  placed  at  a  wlile  angle, 
verj*  nearly,  and  somi'tiniea  quite,  at  right  angles.  This  is  Ix'st  seen 
in  specimens  taken  from  li([ui(i  media.  The  Irrcgidarly  stellate  arrange- 
ment of  the  branches,  which  was  observed  by  Eppinger  in  Im  original 
specinifn,  is  often  seen  in  young  organisms  Hoated  out  from  a  liquid 
medium.  Kppinger  consiilered  this  form  sufficiently  characteristic  to 
warrant  the  term  asteroides  to  distinguish  the  species.  But  terms  like 
aateroides  and  arhoresccns  do  not  sufficiently  distinguish  the  siiecies 
of  a  genus  which  is  clianicterize*!  i)y  more  or  less  tree-like  branching, 
and  so  far  no  satLsfactory  noinenelaturi'  has  U'cn  aiioptcd. 

Spore  Formation. — On  ejcamining  tlie  deep-orange  or  red-ci>lore<l 
growth  upon  potato,  one  is  surjirisod  to  fiml  that  the  threads  have 
entirely  (lisappeaa'*^!,  and  that  the  specimen  consists  of  nitHlerHtely 
large  cocci.  In  very  young  culture's  upon  potato  both  threads  and 
cocci  are  found,  but  the  relation  IwtweiMi  them  cannot  be  seen  in  smears 
prepared  in  the  ordinary*  way.  In  older  cultures  no  trace  of  the  thread 
can  be  found,  unless  some  tine  granular  matter  may  represent  them 
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These  rocci  represent  (he  s|K>re  fonn  of  the  orgnnism,  and  when  pinuted 
upon  blood  senini  the  liniticltini;  Ihreiiils  iipiiii  iip|H'ar.  T)>e  >i[>ores 
stiiin  n'lulily  with  rarhnl-fnchsiii  an(i  are  not  easily  dVcolorized.  They 
are  spherical,  or  neariy  so,  but  often  appear  somewhat  elon^ted, 
apparently  from  bepinninp  germination.  They  are  killeil  hy  expnsuiv 
to  nioUt  lipat  of  C>Ti°  to  70°  <".  for  an  hour,  hut  are  more  resistant  to  ilrv 
lieat.  Kx|Kisure  upon  a  silk  tlinpud,  to  a  temperature  al)ove  120°  C. 
ffiran  hour  unit  a  lialf  <li<l  not  uire<'t  (licir  vitality-  The  last  sixty  minutes 
of  this  time  was  at  !26°  to  127"  C,  ami  the  bulb  of  the  thermometer 
was  within  the  tiilw  in  contact  with  (he  thread.  No  j^rowth  waji  obtained 
after  an  hour's  exposure  at  Vib°  C.  DrjinR  <lestroys  the  threads  after 
a  com  pa  ni  lively  sliort  lime,  but  the  spores  retain  their  vitality  for  an 
indefinite  periofi.  A  dried-up  potato  culture  which  was  plant«i  March 
1,  1900.  and  has  stood  in  the  laboratory  ever  since,  still  retains  its 
vitalilv  at  the  end  of  almost  four  years.  I'lanLs  made  frf)m  this  sfiecimen 
upon  bliKKl  .st-nim  sfiow  an  iiliuiiclanl  yellowLsli  growth  at  the  end  of 
twenty-four  hours. 

The  germination  of  llie  spore.s  and  the  growth  of  the  (hreai)s  were 
obsen'ed  under  the  micruscope  in  a  Imnging  drop  in  the  chamber  of  ft 
hollow  slide.  Here  ull  stages  of  growth  may  be  seen,  from  the  elongated 
spore  to  the  fully  developed  bnincliirig  organism.  The  spore  semis  out 
a  delicate  sprout  which  very  early  look.^  like  a  bacillu.s  with  a  bulbous 
extremity.  The  sprout  sntm  branches,  and  the  growth  pnK-eeds  rapidly 
with  Frec|nent  branching  in  all  direetiun.s.  Slight  clubbing  of  the  enda 
of  the  britiiclies  is  often  seen,  but  generally  the  ends  aiv  not  elul>-5haped. 
In  a  few  stained  s|>eelmen.s  an  extn>niely  delicate,  ahnust  euloriesSt 
club-shaped  slnicture  wh.s  seeti  at  tin-  entls  of  the  branches.  'ITiis 
appcRntticc  wius  not  constant,  and  possibly  was  produced  artifieinlly. 
It  can  Ix'  seen  in  .some  uf  the  photographs. 

The  ilevclopment  of  the  spoivs  was  not  so  easily  demonstrated.  In 
specimens  taken  at  fre<|ueiit  internals  from  potato  cultures  the  threads 
Iteconie  more  and  more  lm>ken  up  into  shoit  fragment.^,  and  the  numt>er 
of  free  spores  increases  very  rapidly.  Some  of  the  fragments  appear  to 
have  a  spore  at  each  end,  and  .some  have  three  or  more  spores.  The 
free  .spore.s  show  no  regidar  armngement,  but  occasionullv  a  short  rhain 
of  five  or  six  can  lie  found. 

Till*  identity  of  this  mien>-en^Mnism  is  not  fully  establlshi'd.  It  ts 
uiutonbtedlv  u  streiitotlirix.  Init  it  does  not  agree  in  all  panieulmnt 
with  any  of  tlie  varieties  described.  It  apprrmches  most  nearly  Eppin> 
ger's  vitrlely.  but  at  no  stage  of  its  gniwth  is  it  ever  motile.  The  color 
and  character  of  the  growth  u[>on  difTereiiT  mcilia  nnd  the  sporulations 
upon  p<»tHtti  agree  with  tlte  descriptions  of  the  slreptothri.^  K]>pingeri. 

Animal  looctilatioiiB. — A  nnmlMT  of  mhhit<t  and  guinea-pigs  were 
inoculatet)  snUMitaneously  upon  the  aUlomen  and  in  the  neighla^rhood 
of  the  cerxical,  axillary,  and  inguinal  lymph  n<tde.s  with  colonies  broken 
up  in  sail  snlution.  Iniliiniteil  spelling?)  wen*  pnMluciil  at  the  jKiinl 
of  inocidation  and  a  nuud>er  of  aUscesses  resultetl.  The  aliscessen 
deve]o|>ed   rapiilly  and  .some  of   them  ofH'neil   sjionlaneou.sly.   while 
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otheis  were  incised.  Tlie  iiialeriHl  pvaciiateil  ilid  not  wsemblR  ordinary 
pus,  but  was  thick  ami  nmcilapiiious  nnrl  exceeclingly  tenacious,  like 
that  fnmi  the  sulK'utaiit'ou.s  ubstf:iscs  of  tlic  patient  (teacribed  abuve. 
'Vhe  microscopic  appearance  was  the  same,  and  the  streptothrix 
threaiU  werp  found  in  considerable  numlwrs.  Pure  cultures  of  the 
streptothrix  were  easily  obtainwi  from  the  pus  whether  the  abscesses 
ruptured  spoTilaneousIy  or  were  incise<l.  Several  rabbits  and  guineii- 
pigs  aiifl  two  cuts  received  peritoneal  in<K'ulatlons,  but  none  of  them 
showed  any  sign  of  infection.  Sometimes  at  the  point  of  inoculation 
a  few  tuljerculous  ucmIuIcs  were  found  at  jiutopsy,  but  cultures  were 
not  obtained  from  them.  No  local  inft-ction  of  atiy  consc(:|itcnce  atnl 
no  general  infection  was  produced  in  this  way.  Thus  far  little  viru- 
lence had  been  shown  by  the  streptothrix  in  inoculntinn  experiments; 
but  when  rabbits  were  inocrulaletl  intravenously,  a  rapidly  fatal  general 
infection  was  produced,  and  the  lesions  were  similar  in  kind  and 
distribution  to  those  descrilied  in  the  human  subject.  Other  cases 
reporte*!  are  the  follcnving; 

Feni  and  Vaguet  found  in  Howleanx,  in  a  cerebral  abscess  in  the 
centnim  ovale,  a  branching  fungus,  colored  by  Gram,  which  corre- 
sponded lo  the  streptothrix.  It  jjrew  on  agar  in  n^und,  ochre-colored 
colonies;  on  potato  there  was  little  growth  visible;  slimy,  lough  colonics, 
which  bccnnie  pray  and  remained  free  from  white  dusting  on  the  surface. 
Inoculations  in  rabbits  and  guinea-pigs  were  negative. 

Cl-ADOTHRIX  AND  STREPTOTUItOt  IN  CasES  SIMULATING  AcTINO 
WTCOSIS  OR  'IljBEHCIlLOSlft.       lMTKRilhJ>tATK    CaSKJ*    BK'nVKK.\    StHKP- 

TOTHitix  AXD  At-nNOMTCOSia. — Oojiten  found  in  a  cii.se  of  appan-ntly 
typical  actinomycosis,  in  which  absccw  cavities  were  fountl  along  the 
spinal  column,  not  the  nsuiil  actinomyces  in  the  yellow,  granular  pus, 
but  a  fine  mass  of  fihiment.  Cultures  grew  on  all  the  ordinary  media, 
Ijcst  111  incubator  teni|X'rature,  but  also  at  lower  teni|jcrature  on  gelatin. 
Tlie  gelatin  stick  cullure,  which  was  esfx'cially  chiiractcrislic,  formed 
on  the  surface  a  whitish  button;  deUcate  thread  stret{-hed  out  in  all 
directions  from  the  point  of  inoculation.  On  agarand  potato  rumpled, 
folded  Hhns  with  white  deposit  on  the  surface,  which  contained  spores. 
Animal  inoculation  gave  positive  result.'!  only  in  n  few  vasn-A  of  uiira- 
pei-itonenl  injection  of  ral)bit.sanil  guinea-|>igs.  Pundent  ntxlules  were 
found  in  the  peritoneum.  Gasten  cnlli-d  the  organism  "cladothrix 
lifjuefwiens." 

SiiJ/rtum  Hoij  Itit'iirr  found,  in  a  case  of  cerebral  abscess  and  a  case 
of  chronic  lung  disease  with  m-cnrrence  of  suljacute  hIisccsscs,  fungi 
which  differed  fn>ni  actinomyces.  The  organisms  were  contained  in 
the  lungs  and  pus  in  the  latter  in  pure  culture.  'J'hey  grew  best  at  37* 
C.  in  the  presence  of  o.xygen.  On  agar  plates  round,  wart-like  colonies 
were  found  with  yellowish  under  and  whitish  up|>er  surface.  Grew 
particularly  well  on  fat  and  glycerin  meiiia;  in  milk  a  He.sli-coloreil  rim 
was  devetoprd;  in  glycerin  iigur  a  rough,  brownish  deposit,  liecoming 
black  with  age.  Gelatin  whs  li(pieKei!.  'llie  culture  had  a  s)n>ng  odor 
of  oUI  mould.     A  yellowish  pigment  was  usuhIIv  ]»roiluced  which  ili.s- 
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solved  ill  ether.  In  an  atmosphere  of  pure  oxygen  a  brown  pif^mcnt. 
Animal  experiments  ptve  positive  results  only  wlien  to  a  fourteen-day- 
old  bouillon  culture  lactic  acid  was  added;  then  pseudotuberculosis 
waji  produced. 

Eppinger  found  b  post-mortem  e.xamination  of  a  case  of  chronic 
cerebral  alwcess,  wbich  was  the  result  of  purulent  mcninptis,  in  the 
pus  and  ahsce&s  walla,  etc.,  a  delicate  fungoid  growth  which  Le  suc- 
ceeded in  cultivatiitg  on  various  media.  On  sugar  agar  it  formed 
yellow,  rumpled  colonies  which  finally  developed  into  a  skin.  On 
potato  it  grew  mpldly,  but  the  colonies  remained  small,  at  iirst  a  while, 
granular  deposit,  which  afterward  turned  red,  and  on  the  twentieth  day 
resembled  a  crystallized  almond.  It  did  not  grow  well  on  gelatin.  In 
bouillon  it  formed  on  the  surface  a  small  white  granule,  wliicb  became 
deeper  in  the  centre  as  it  grew  and  sunk  to  the  bottom  as  a  white  deposit. 
The  bouillon  remained  clear. 

Microscopically  the  fungus  consisted  of  fine  threuds  without  branches, 
which  exhibitetl  distinct  motility.  No  (lagella  were  observeil.  It  was 
judged  to  Ije  a  cladothrix,  to  which  the  name  "asleroides"  was  given 
by  the  author.  It  prove<I  to  be  quite  pathogenic  for  rabbits  and 
guinea-pigs,  and  produced  an  infection  of  pseudotuberculosis.  Mice 
were  not  affecte*!  by  inoculation. 

Numerous  cases  have  since  been  observed  in  which  the  streptothrix 
proved  to  lie  the  cause  of  chronic  lung  diseases,  clinically  suspected  to 
be  tuberculosis. 


CHAPTER  XXXIV. 

THE   PATHOGENIC   FUNGI  .VND  YEAS'l'S  (BLASTOMYCETES)-DIS- 
EASES  DUE  T(>  MICRO-ORGANISMS  NOT  YET  IDENTIFIED. 

The  Fungi. 

Most  of  the  fungi  are  not  pathojtenic  and  interest  us  merely  as  organ- 
iams  which  are  apt  to  infect  our  bacteriological  media.  Some  are, 
however,  tnie  parasites,  and  already  we  know  that  ring^vorni,  fanis, 
thrush,  and  pitjiia-sLs  vei-sicnlor  are  rausetl  by  fungi.  Only  those  causing 
rin^onn,  favus,  pityria-sis,  an^l  soor  will  he  touched  ou. 

Trichophyton  (Ringworm  Fungus). 

Ringworm  of  the  bo*ly  or  hairless  part*?  of  the  .skin,  iinea  circinata, 
and  ringworm  of  the  hairv  parts,  iinra  tansuraiui  and  tinea  barhec  or 
tinea  stfco)tis,&Te  due  to  the  fungus  trkfio-pktjton,  discovered  by  Gruby 
in  the  human  hnir,  and  ln'tween  the  epidennal  cells  by  Kebra,  and 
obUiined  in  free  cultures  by  gravity. 

Fia.  1!U 


Uttir  rUldleil  with  rliigwonn  fuii^fUb.    MegBlosfioran  wtviy. 

'  According  ta  Sidwjuraud,  whose  conclusions  arc  ha.scd  on  an  exten- 

sive series  of  microscopic  examinations  of  cases  of  tinea  in  man  nri<i 
animals,  of  cultivaliun  In  urtiHcial  media,  and  of  inoculation  on  man 

iand  animals,  there  are  two  distinct  tyjws  of  the  fungus  trichophyton 
cau.sing  ring^vorm  in  man — one  with  small  spores  (2  to  Z  mm.)  which 
he  calls  "T.  microsporon,"  and  one  with  hirge  spores  (7  to  S  niiu.) 

C?  calls  "T.  megalosporon."    Thev  differ  in  their  mode  of  growth 
■    _ 


434 


BACTSRIA  PATHOOHNIC  TO  MAN 


on  artificial  merlia  and  in  tlioir  patliologic-al  cfTccts  on  the  Iniman  skin 
and  its  apjit-nda^s.  T.  inirrosporon  is  the  common  fungus  of  (inea 
tonsurans  of  children,  especially  of  those  cases  which  arc  rebellious 
to  treatment,  and  its  special  seat  of  frrow-th  is  in  the  substance  of  the 
hatr.^.T.  megulosporon  (Fig.  135)  b  essentially  the  fungus  of  ring\t'Dno 
of  the  beard  and  of  the  smooth  part  uf  the  skin :  the  prognosis  as  regards 
treatment  is  itnmi.  One-third  of  the  cases  of  T.  tonsurans  of  children 
are  due  to  trichophyton  niegalosporon.  The  spores  of  T.  microsporon 
are  contained  in  a  mycelium;  but  tliis  is  not  visible,  the  spores  appearing 
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ThMt  two  lMtW|ilKtei*boir  tlin*  mcioUi*'  ffmnili  on  ivpww-nutiow  tg^t  <if  t«a  iiin«li«|iiiiiw 
ndetlu  of  tbe  H  DKHorm  ntosw.    NuomI  rim. 


irregularly  pile^]  up  like  KoOglaea  masses;  and,  growing  outside,  tbey 
form  a  dense  sheath  around  the  hair.  The  spores  of  T.  megalospomn 
are  always  contained  in  distinct  mycelhim  filaments,  which  may  either 
be  resistant  when  the  hair  is  broken  up  or  fragile  and  easily  breaking 
np  into  spores.  The  two  types  wlwn  grown  in  artificial  nilliirps  show 
distinct  and  constant  characters.  The  culturra  of  T.  micnwporon  show 
ft  downy  surface  and  white  color;  those  of  T.  megalaspomn  a  powdeiy 
surface,  with  arborescent  fieriphcrnl  mys.  and  often  a  yellowish  color. 
Although  the  morphological  appearances,  mode  of  growth,  and  clinicsl 
effects  of  each  type  of  trichophyton  show  certain  characters  in  gencml, 
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yet  there  are  certain  constant  minor  differences  which  poiut  to  the  fact 
that  there  are  severol  ilKferent  kiiuls  of  species  of  fiingii.s  iiicltnicd  utuler 
each  tvjjc.  The  s|)ccies  included  under  T.  uiicrosporon  are  few  in 
number,  and,  with  the  exception  of  one  which  causes  the  common  con- 
ta^ous  "herpes"  of  the  horse,  ahuost  entirely  human.  The  species  of 
T,  megalosporon  are  numerous  and  fall  under  several  natural  groups, 
the  members  of  whicli  resemble  o\w  another  both  from  clinical  and 
mycological  aspects  (TiR.  136).  Many  animals  are  snliject  tn  the  growth 
upon  tlieir  skins  of  particular  species  of  T.  niepifospomn. 

Achoiion  Schoenleinii  iFavus). 

Favus  is  due  to  a  funpis  discovered  l>y  Schoenlein  in  1839,  and  called 
by  Rcmak  Ackorion  schoenleinii.  The  disease  is  communicate<l  by 
contagion,  the  fungus  being  often  derived  from  animals,  especially 
cats,  mice,  rabbits,  fowls;  and  dogs  are  also  subject  to  it.  It  grows 
much  more  slowly  than  the  ringworm  fungus,  and  is,  therefore,  not  so 
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A  ponion  of  >  lkvi»-4nAx:led  lutr ;  BUKniniNl. 

easily  tmnsniilteil.  Want  of  cleanliness  is  a  predisposing  factor.  The 
fungus  seems  to  find  a  more  fjivomblf  soil  for  its  development  on  the 
skin  of  persons  in  weak  heahh.  eH]>e(_'iiilly  from  phthisic,  limn  in  others. 
Pathologically,  the  disease  repn'senis  the  reaction  of  the  tissues  to 
the  irritation  cttuse<l  by  (ho  growlh  of  the  fvni^is.  The  spores  genemlly 
find  their  way  into  the  hair  follicles,  where  they  groxv  in  and  about  the 
hair  (Fig.  137),  The  favus  fungus  grows  in  the  epidennis.  the  density 
of  the  gnjwlh  causing  pressure  on  the  parts  l>elow,  thus  crushing  out 
the  vitality  of  the  hair  and  giWng  rise  to  atrophic  scarring.  The  dis- 
ease shows  a  markwl  preference  for  the  scalp,  but  no  pari  of  the  skin 
is  exempt,  and  even  the  nincnus  membranes  are  liable  to  be  attacked. 
Kaposi  has  reported  a  case  in  which  a  patient  suffering  from  uriivei-sal 
favus  ilicil,  with  symptonns  of  seven"  gastiTjintestinal  irritation,  which  was 
found  after  death  to  l»e  due  to  the  presence  of  the  favus  fungus  in  the 
stomach  and  intestine.  On  the  scalp  it  firat  appears  as  a  tiny  sulphur- 
yellow  disk  or  «cM/u/um,ilepressed  in  thecx-utre  like  a  cup  and  pierced 
by  a  hair.    This  is  the  characteristic  lesion.    The  cup  shape  is  attrihuteil 
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by  Uniia  to  growth  at  the  .sides  proeee<Ung  more  vigorous])'  than  at  the 

centre. 
There  is  some  (iifferenre  of  opinion  as  to  whether  there  is  only  one 

or  several  varieticji  of  faviis  fiinf^is.    It  was  suggested  hy  Quincke  that 

there  are  tliree  dilTcrpnt  s|>ecifs  of  favus 
fungiis.  T.»(t-r  invcstigafioits  havf  appii- 
rtiitly  shown,  however,  tliut  the  achorion 
Schoenleinii  is  the  only  fungus  of  favus. 

The  fa\-us  fungus  is  readily  cultivateil  at 
the  bmiy  ten»|«>rature,  and  also  at  room 
lempeniture,  in  the  onlinnry  cuUure  media, 
as  agar,  IiIixhI  M-nun,  gelatin,  liouillon, 
milk,  infusion  of  malt,  eggs,  potato,  etc. 
(Fig.  138).  The  grwwth  develops  slowly 
and  shows  a  prefereiK-e  to  grow  beneath 
the  surfiiee  of  llie  nie<iiuni— except  on 
|M)lat(),  upon  which  it  develojis  on  the  sur- 
face in  layers.  The  characteristic  form  of  _ 
growth  is   that  of    moss-like    projccUonA-fl 

from  a  cenlrni  body.    'I'he  color  is  at  first  graybth-white.  then  yellowish. 

As  seen  under  the  microscope,  my-like  mycelium  filaments  are  devel- 

opeil.  which  iJivide   utU*  bninclies.      The    ends   arc  often    swollen  or 

club-sliape*^l,  luid    there    are  various  enlargements  along  the  body  of 

the  filament. 


I 
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IlTt-monUi»«ld  rolouy  gf  hnu  on 
papune-isaluw  acu ;  actiul  slw. 


Pityriasis  Versicolor. 

Thin  organism  belongs  to  a  group  of  fungi  which,  in  contrast  to  the! 
more  parasitic  fungi,  favus  and  trichophyton,  invades  only  the  most] 
superhcial  layers  of  the  skin.  It  does  not  penetrate  the  deeper  layers 
nor  dues  it  give  rise  (o  any  considerable  patholngical  changes  in  lite 
skin  or  hair.  Although  the  vegetative  elements  of  these  fungi  are  much 
more  numemus  in  the  alTected  purtiuns  of  -ikin  than  is  the  case  with 
the  more  parasitic  species,  they  are  not  nearly  as  contagious  as  the 
latter. 

IJy  preference  pit^-riasis  versicolor  attacks  the  chest,  abdomen,  back, 
and  iu:illn>;  less  frequently  nerk  and  arms,  while  exceptionally  it  attacks 
aL'io  the  face.  TJie  growth  sl-.ows  itself  as  scattered  spots  varying  iu< 
color  from  that  of  crejun-eoffee  to  reddish-brown.  The  spots  are| 
readily  scrapi'd  oH"  ami  show  fine  lamellation  or  scaling.  Oeoasionally 
the  sjMits  are  mnfliienl,  and  soniptimes  nimngeil  in  ring  form  like  Arr/ir* 
tonfuratta. 

In  spite  of  their  slight  etmtngionsness  this  is  one  of  Ihc  mast  freijueiil 
dcnnatouivcoses.  Although  it  is  distrilmtet]  widely  over  (lie  earth.  It 
is  more  frecpiently  observed  in  southern  than  in  northern  countri4's. 

I*ersons  with  a  teiuler  skin  and  a  di.s|M)sition  to  |)erspire  freely  are 
particularly  affected  bv  pit^Tia^i^  versicolor,  and  this  is  undoubtedly  (he 
only  reostm  why  the  ancction  is  so  fre([uently  olxserved  in  consumpti^tis. 


TIIK  PATHOGKSiC  FUNOI  A}fD  YEASTS 


437 


Vomen  are  more  frequently  attacked  than  men,  while  childreD  and 
old  people  are  rarely  affected. 

'V\w  source  of  iiifeclii)ii  is  tmknown.  since  the  absence  of  contagion 
has  fretjuently  been  denianstrated.  It  seems  likely  that  the  spores  of 
this  fiKijjiis  are  sn  widely  iliHtribiited  that  susceptible  indivldimls  are 
•osily  infected. 
Tlic  arrangement  of  the  fiiiij^iis  in  the  scaleti  of  epidermi-s  is  rhar- 
'acterislic.  The  short  and  thick-curved  hyidia;  {7/t  to  13/'  long  and  'Sft 
to  4«  wide)  surround  larpc  chinips  of  spores.  The  spores  are  coarse, 
doubly  contorlefi  (4/<  to  7/0  or  round.  ()n  staining  with  Ziehl's  .solution 
the  spores  are  seen  to  contain  deeply  stained  globules  lying,  in  all  prol>- 
ability,  on  the  inner  surface  of  the  cell  membrane.  The  rest  of  the 
protoplasm  is  but  little  stjtinetl,  or  not  at  all.  One  frequently  finds 
that  these  globules  have  disintegratetl  Into  numeruua  fine  granules. 
The  globules  are  also  found  free;  wluit  their  nature  is  does  not  appear; 
^_tbey  are  not  found  in  cultures,  the  freshly  developed  spores  showing 
^fenly  a  single  globular  mass  of  protoplasm  possessing  a  fine  blue  lustre. 

f  ■m 


Soor  Fungiia  (Thrush). 


Soor,  as  is  well  known,  occurs  most  frequently  in  the  oral  mucous 

embraue  of  infants  during  the  early  weeks  of  life.  It  is  also  found 
H  A  slight  mycosis  in  the  vagina,  espc<'ially  of  pregnant  women.  In 
cases  the  disease  attacks  adulcs,  and  then  especially  those  whose 
system  has  been  underrainefl  by  other  diseases,  such  as  diabetes, 
tj-phoid  patients,  etc.  A  few  cases  art-  reconled  in  the  literature  in 
which  this  fungiLs  has  given  ri.se  to  constitutional  disease.  In  these 
cttfivs  autupHv  has  slmwii  jthstresses  in  various  parts  iif  the  lioily,  .such 
as  in  tlie  lungs,  spleen,  kidney,  and  briiln. 

Ici  the  lesions  <»f  the  disease  as  well  &^  in  cultures,  this  fungus  appears 
both  as  an  yeast  and  a  mycelium.  The  yeast  cells  are  oval  in  form, 
about  b/t  to  Gft  long  aiui  4/j  wide,  and  can  in  no  way  be  distinguished 
from  other  yeai^t  cells  either  by  their  appearand  or  their  method  of 
propagation.  The  threads  of  the  mycelium  vary  very  mnch  in  length 
and  ihickne-is,  and  show  all  intermediate  forms  between  a  tj-pical  and 
^  budiling  mynelitim. 

Soor  is  not  mueh  influenced  by  acids  or  alkalies,  growing  well  both 
m  acid  and  iti  alkaline  uietlia-  On  the  other  hand,  it  is  ver^'  suseepdhle 
to  the  connnon  disinfectants,  especially  salicylic  acid,  curnjsive  sub- 
limate, phenol,  etc.    This  fact  is  made  use  of  in  local  treatment. 


Blastomycetes  lYeastsj. 


I 

^V  These  miciXMirganisms  are  of  the  greatest  tmportartce  in  brenniig 
^nuid  baking,  but  as  yet  nu  important  pathological  lesions  in  man  have 
^■been  attributed  to  them,  although  certain  recent  experiments  have 
shown  that  some  varieties  when  injected  are  capable  of  producing 
iimors  and  many  are  pathogenic  for  mice,    lliey  are  not  uncommonly 
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pieseDt  in  the  air  and  in  cultures  made  from  the  throat.  They  consist 
of  round  or  oval  cellf),  usually  many  tinie-s  larger  than  the  Iiacteru. 
They  usually  reproduce  themselves  l»y  liuddiiig,  a  [H)riion  of  the  proto- 
plasm budding  and  6nally  being  cut  off  to  form  a  new  individual. 

Kur  many  i-cnluries  blnstotnycetes,  «r  yeasLs,  have  proven  themselves 
to  be  of  great  benefit  to  man,  untold  millions  of  them  being  used  daily 
in  breweries,  distillenes,  and  other  industries.  Until  a  few  years  ago 
this  group  of  organisms  sloud  idune  among  other  allied  forms  of  life 
as  being  the  only  one  in  which  pathogenic  species  were  unknown.  It 
is  not  more  than  ten  years  since  the  discoven*  of  the  first  of  the  disease- 
producing  yeasts.  Since  that  time  these  organisms  have  been  studied 
not  only  because  of  their  interesting  biological  and  physiological 
characlerislicji,  Init  also  from  the  jxiint  of  view  of  tlie  physician  and 
etlologisl.  Our  present  knowledge  concerning  the  pathogenic  yeasts 
may  be  1>i-ii-Hy  sunniiarizcd  as  follows:  S 

The  position  which  the  yeasts  occupy  in  systematic  biology  (bulany)  ™ 
has  not,  thus  far,  been  accurately  determined.  In  fact,  it  is  even  doubted 
whether  they  constitute  indepttidrnt  fungi  or  are  perhaps  a  particular 
form  of  growth  of  more  highly  organized  fungi,  especially  of  the  mould 
fungi.  This  h\-pothesis  was  forninlatcd  by  Brefeld  about  thirty  y(«rs 
ago,  but  has  not  thus  far  been  prove<l.  For  the  present  it  seems  advis-  ^ 
able  to  retain  the  yeasts  in  a  group  of  fungi  by  themselves.  H 

Tlie  chief   ehararteristic  of    tlic  yea.st.s  is  their  peculiar  method  of 
reproduction  which  in  most  cases  is  by  means  of   budding,     l-'or  this      i 
reason  these  organisms  go  by  the  name  of  hlasiomyceiea  in  contmst  to  fl 
the  fLs-sion  funfp.orscAizomvrflr.i,  and  the  mould  finigi.or  hyph<tmyceia.  ™ 
A   transition    between    the   blastomycetes   and    the   hyphomycetes  is 
formed  by  the  otrf?en,  which  at  one  time  grow  to  long  threads,  at  another 
lime  (under  certain  conditions  almost  e.\dusively)  multiply  by  budding. 
But  no  hard-and-fast  line  ejcisls  between  these  classes,  for  the  yeasts 
can  at  times  develop  .short  h)*phn*,  at  other  times,  in  rare  cases,  form  ^ 
new  individvials  by  segmentation.  H 

The  most  im|>orlant  property  of  yeasts,  though  one  not  possessed 
by  all  to  die  same  degree,  is  that  of  producing  alcoholic  fennentntiuu. 
In  practice  we  distinguish  between  tiie  yeasts  tliat  can  be  employed 
practically,  "culture  yeasts,"  and  those  which  often  act  as  disturbing 
factors,   so-called   "  wild"   yeasts. 

The  shape  of  mo.«t  of  the  culture  yeasts  is  oval  or  elliptical  fFig.  139). 
Round  or  globular  forms  are  more  often  met  with  among  the  wild 
species  and  such  as  excite  only  a  slight  d^rec  of  fermentatjon.  They 
are  known  as  "  toruia'*  forms.  But  sausage-shaped  and  thread  forms 
are  also  met  with. 

Tlie  iiulividuni  yeast  cells  are  strongly  refractive,  wi  ihnt  under  the 
microscope  at  times  they  have  almost  the  lustre  of  fat  droplets.  This 
is  important  because  in  examining  fn-sh  tissues  the  yeast  cells  may  be 
hard  V>  distinguish  from  fat  droplets,  often  requiring  the  aid  of  certain 
reagents  for  their  ideiititication. 

The  size  of  the  individual  yeast  cells  varies  enonnously,  even  lO 
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those  of  the  saine  species  or  tlie  same  ailture.  In  old  colonies  mdi- 
viduals  may  be  found  hardly  larger  than  cocci,  1  to  2.«,  while  in  other 
colonies,  especially  on  the  surface  of  a  liqueiied  medium,  giant  yeast 
c^ls  are  found  often  attaining  a  diameter  of  A^fi  or  more.  In  spite  of 
these  wide  fluctuations,  however,  the  various  species  are  characterissed 
by  a  fairly  definite  average  in  size  and  form. 

During  the  process  of  budding  the  nucleus  of  the  cell  moves  toward 
the  margin,  where  it  divides.  At  this  fx>int  the  limiting  mcnd>rftne  of 
the  cell  ruptures  or  a  hernia-like  protnision  develops  which  has  the 
appearance  of  a  button  attached  to  the  cell,  llie  daiighter-rell  so 
fomit'd  rapidly  increases  in  size  and  grailually  assumes  the  sliape  and 
size  of  the  muther-cell. 

A  fact  of  (he  utmost  importance  for  the  propagation  of  the  blasto- 
mycetcs  and  continuation  of  the  species  Is  the  formation  of  spores.  In 
this  also  the  cell  nucleus  takes  part,  dividing  into  several  fragments. 
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SMCltaroforcM  BiiHC.     v  KU  dtiLincn«rK.    (From  Koll«  and  WMMrmum.) 

each  of  which  becomes  the  centre  of  a  new  cell  l^ing  within  the  original 
cell.  These  new  cells  possess  a  finn  memhranc,  a  cell  nucleus,  and  a 
little  dry  protoplasm,  'j^lie  number  of  spores  developed  in  the  yeast  cells 
varies,  but  is  constant  for  a  given  species.  As  a  rule,  one  cell  does  not 
produee  more  than  four  eii(logcnoiis  spores,  su-callwl  astrospores;  but 
species  have  been  observed — c  g.,  schizosacckaromyccs  ociosporus  (Beijer- 
inck) — in  which  eight  spores  are  found. 

Tlie  vitality  of  yeasts  is  truly  enormous.  Hansen  as  well  as  Lindner 
were  able  to  obtain  a  growth  from  cultures  twelve  years  old.  Busse 
succee<led  in  getting  a  luxuriant  growth  from  a  dry  potato  culture 
seven  and  a  half  years  old,  and  almost  as  hard  us  bone. 

As  stated  above,  the  most  important  projjerty  of  yeasts  is  that  of 
producing  alcoliolic  ferTnenlation.  \Vhi!e  a  large  nuiuber  of  yeasts  are 
merely  able  to  decompose  dextrose  into  alcohol  and  carbon  dioxide, 
there  are  some  which  ferment  cane-sugar,  others  which  invert  and 
ferment  starch;  in  fact,  all  kinds  of  carbohydrates  may  be  decomposed. 
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As  was  first  sbovvii  hv  Buchner,  tlie  fernientalion  \s  c]tir  tu  riiiiymes 
produced  by  the  yeaat  cells.  Tliesf  enzymes  difTer  in  the  different 
species,  and  hence  also,  their  action  dilTers. 

The  pathof^enic  l>lastumycete^  may  be  briefly  sununarisMNJ  as  fol- 
lows: 

Saccharomycei  Bmst,  isolated  in  1S94  by  O.  Busse  from  the  tibia  of 
A  thirty-rnie-year-old  woman,  who  diet!   thirteen  months  after  the  first 
syniptonis   appearcH.      The  autopsy  showeii   numerous  broken-tlown 
nodule.s  on  several  of  the  lK>nes.  in   the  lungs,  spleeu,  and   kidneys,  fl 
The  yeast  wa^  cultivatni  fn)ni  all  these  foci   (Fig.  130).  ™ 

Saccharomyvcs  jtubrutanetis  tttmefacicna,  isolated  in  1895  by  Curtis. 
The  patient  was  a  yonnj^  man  showinjr  multiple  tumors  on  (he  hips 
and  neck  having  the  gross  appearance  of  .softeneil  myxasarconjata. 

This  yeast  is  pathogenic  for  rats,  mice,  and  dogs,  only  slightly  so  for 
rabbits,  and  not  at  all  for  guinea-pigs. 

Gilchrist  has  described  a  case  of  pseudohipns  vulgaris  caused  by  a 
blastomyce-s.  Tlie  di.sea.se  ]a.sleil  ten  years,  during  which  time  many 
nodules  developed  on  the  face.  Iwck  of  the  hands,  scrotum,  thigh,  and 
neck.  The  iiodule-s  ulcL-ruled  and  then  healed,  leaving  .scars.  Iliiwe 
believes  that  lliis  oigani.sm  should  Ih'  classeil  with  oidiuui,  and  this 
opinion  is  shared  by  Buschke. 

In  a  case  reporte<l  by  Hckt()en  in  1S99  that  author  ilescribes  sldn 
lesion.s  very  similar  ro  those  observed  by  (iilchrist.  The  organism 
obtained  on  cultivation,  however,  differed  somewhat  from  Gilchrist's. 
Injecteil  into  rat-s  thi.'*  yeast  produced  absce-sses  and  causeil  the  death 
of  the  animal  in  five  days. 

t-undsgaard  reported  a  ca.se  of  ophthalmia  due  to  an  yeast.  i!is 
patient,  a  man  thirty-four  years  old,  had  a  .severe  hypopyon  keratitis. 
in  the  pus  of  which  many  yeasts  were  pre.sent.  Pure  cultures  of  the 
yeast  inoculated  into  guinea-i)igs  produced  abscess  lioth  at  the  site  of 
inoculation  and  in  the  lymph  glands. 

Hu.sctike  isiflateti  an  yciist  fn>m  a  ce^^■ical  discharge  in  which  do 
gonoi-occi  were  present.     The  yea-st  was  pathogenic  for  guinea-pigs. 

In  1805  Or.  G.  Tokishige  reportefl  that  an  epidemic  quite  coiDinon 
anmng  h»r.scs  in  Japan,  known  as  ".rajmnese  wonii,"  "Itenign  worm," 
or  "psendoworni,"  is  caused  by  .sHe<'haromyces.  The  di.sease  begins 
in  the  skin  in  the  form  of  haiti,  puinle.ss  nndules  from  the  size  of  n  pe* 
to  a  walnut.  These  break  down  and  give  rise  to  gradually  extending 
ulcers.  Pure  cultures  uf  the  saccharomyces  arc  path<igenic  only  for 
horses,  not  for  rabbits,  guinea-pigs,  or  hogs.  In  the  districts  where 
the  disea.se  prevails  among  horses  it  is  al.so  fre(|uently  seen  in  cattle. 

Shortly  after  Tokishige 's  pnblication  a  similar  disease  occurring  in 
horses  in  Italy  and  Southern  France  was  identified  as  lieing  caused  by 
saccfasnmiyces.  Cultures  of  this  yeast  however,  differ  soniewliat  frtun 
that  oblaiuivl  in  Japan:  so  that  Busse  is  inclined  to  regard  the  two  M 
(wo  tliifcrent  species  of  bhwloinycete-s. 

In  recent  years  the  attempt  has  lieen  made  to  connect  the  develop- 
ment of  cancerous  growth  with  blaslomycctes.    This  is  due  in  a  me«»- 
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ure  to  a  certain  similarity  Ijctwcen  the  yrasis  and  the  cell  inclusions 
or  so-calleri  "parasites"  of  cancer,  and.  further,  to  tJit*  fact  that  when 
yeasiij  are  injected  into  the  animal  body  tuinur-likc  nodules  arc  ufteu 
developed  at  the  site  of  inoculation  and  in  the  internal  organs.  But 
these  nodules  arc  not  tumors  in  the  patholo^cal  sen^e  of  tlic  term, 
but  merely  masAes  of  blastomycetea  mixed  unlh  inflammatory  tissue 
proliferario ns  to  a  verj'  variable  degree.  At  the  present  time  Sanfelice 
ami  hi.s  pupils  are  |>erhaps  the  only  one-s  who  regard  the  thickenings 
produced  in  the  (issues  by  Hac^.haromycra  nrofarmwui  as  tnie  lumore. 
His  work,  however,  is  rot  at  all  c'on\incing. 

Diseases  in  which  the  MicTo-organisms  Exciting  them  are  as 

yet  Undetected. 

Measles. ^Many  bacteria  as  well  as  InMlies  supposed  to  l)c  protozoa 
have  been  descriljetl  by  various  invfsli^aturs  as  occurring  un  the  mucous 
membranes  or  in  the  blood  nf  tliose  sick  of  measles.  Konc  of  these 
have  been  established  as  the  exdtiiij:  factor.  Hektoen  has  recently 
transferred  blood  from  a  cbm  of  measles  to  two  individuals  and  so 
communicated  the  disease. 

Scarlet  Fever. — IJoih  streptococci  and  protozoa  have  lieen  described 
as  the  exciting  facfore  in  this  disease,  us  already  previously  mentioned. 
Tlie  strepti>cocei  art^  nertainly  present,  but  art?  lookt-*!  u|Ktn  bymcistas 
secondary  invaders.  They  undoubtedly  add  greatly  to  the  graWtj'  of 
the  disease.  The  bodies  described  by  Mallory  as  protozoa  are  still 
under  inve-itigation.  Semin  treatment  has  been  use«l  to  overcome  the 
streptococcus  infection.  The  l^'st  n*sults  have  been  obtained  in  Vienna, 
and  by  Moaer.  lie  uses  a  serum  obtained  from  horses  receiving  multiple 
cultures  from  eases  of  scarlet  fevej.  Only  alx>ut  one  horse  in  three  gives 
a  curative  .serum.  The  doses  used  are  very  large  000  to  200  c.c.).  The 
results  clHinieil  are  very  striking. 

T3rphus  Fever. — Nothing  has  as  yet  been  determined  concerning 
tJie  inicrn-organisms  exdting  this  disease. 

Smallpox. — Streptococci  as  secondary  invadere  add  here,  us  in  scarlet 
fever,  a  dangerous  infection.  'ITie  status  of  protozoa  is  described  fully 
under  the  section  on  I'rotozoa. 

Syphilis. — 'i'he  bacilli  described  by  Lustgarten  and  others  are  now 
DO  longer  c^msidereil  us  a  factor.  Schaudinn's  recent  discovery  of 
spirocha-ie  is  ronsiiierefl  under  the  protozoa. 

Rabies  (Hydrophobia). — No  bacteria  have  been  discovered  that 
are  considered  u-s  t'ufiors.  The  jiossibility  of  the  negri  Imdies  lieing 
pnituzoa  and  the  exciting  I'aclur  Is  otnsidered  undei'  Pmlowja. 

Whooping-cough.— Jocbmann  and  Krause.  in  Germany,  and  Woll- 
stcin,  in  tliis  country,  have  shown  that  bacilli  dilTering  slightly  in  cul- 
tural reaction.s  and  in  agglutination  from  t}-pical  influenza  bacilli  can 
be  detected  in  practically  all  eases  of  whooping-cough  during  the  acute 
stages.  Wollstein  proved  that  the  blood  of  cases  of  whooping-cough 
agglutinated  these  bacilli  frequently  in  dihitions  of  1:200  and  over. 
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The  cjuestion  is  sdll  undecided  as  to  whether  these  bacilli  are  anytlung 
mon-  than  vcn-  freipienl  causes  of  secondary  infection. 

Pemphigus  Neonatorum. — Several  microtttcci  have  been  described 
as  the  cause  of  infectiun. 

Impetigo  Contagiosa. — The  findings  huve  been  sirniUr  to  those  in 
peniphijjus. 

Scurvy. — This  di-sea-se  is  probably  not  due  to  micro-or^rauisins. 

Mumps. — Diplococci  have  been  considered  by  several  investigatura 
as  possibly  being  the  exciting  organisms. 

Noma. — It  is  as  yet  undecidetl  whether  this  disease  is  due  to  one 
or  to  several  micro-organisms.  A  special  predisposition  of  the  tissues 
is  necfsHary.  A  streptothrix,  pseiidoiHphlheria  bacilli,  and  diphtheria 
bacilli  have  l>een  the  <irgniiisms  iiiosi  frequently  present. 

Articular  Rheumatism. —The  specific  organisms  of  this  disease 
have  been  sought  in  the  synovial  fluid,  blood,  vegetations  on  heart 
valves,  and  in  exudates  on  tonsils,  etc.  Streptococci  have  been,  of  all 
bacteria,  most  frequently  found.  They  grow  in  short  chains  or  as 
diplococci.  Most  bacteriologists  believe  the  exciting  factor  has  not 
yet  been  idcntifierl  and  that  the  streptococci  and  other  bacteria  are 
secondary  infections. 

Beriberi. — Micro-organisms,  both  of  bacterial  and  protozoan 
nature,  have  been  considered  as  the  exciting  factor,  but  nothing  definite 
has  been  proven. 

Yellow  Fever. — ^The  bacillus  described  by  SanarclH  as  the  exciting 
factor  is  now  known  to  be  at  most  a  rather  frequent  secondary  invader. 
Heed,  Carroll,  and  Agramonle  have  shown  that  the  stcgomyia  fasciata 
is  the  only  carrier  of  the  infecting  agent.  Twelve  days  after  biting  a 
y^Iow-fever  patient  the  mosquito  is  able  to  infect  a  non-immune  by 
biting.  The  insect  contiiHie.s  for  a  number  of  weeks  to  Ik.*  capable  of 
Infecting  man.  Tlie  blood  of  yellow-fever  patients  is  only  ca]>able  of 
infecting  niosqu!tt>es  during  the  first  few  days.  It  has  also  been  im- 
possible to  infect  mosquitoes  by  letting  them  bite  the  body  of  a  pers<Hi 
who  has  died  of  yellow  fever.  The  blood  of  yellow-fever  patients  in- 
jected into  non-iinmunes  produced  the  disease.  The  virus  of  yellow  fever 
is  apparently  capable  of  |>assing  through  a  Bcrkefeld  filter.  At  present 
nothing  is  known  alxiut  the  micro-organ i.sm.  The  bite  of  Uie  mo^ 
quito  is  the  only  known  method  of  causing  infection.  The  clothing 
and  the  discharges  from  (he  mouth,  kidney,  and  intestines  are  harm- 
less. 

Dengue. — The  organism  exciting  this  disease  Is  unknown.  An 
influciizH-likr  bacillus  has  Ix-eii  observed  as  frequently  present.  Tlic 
mosquito  ha^  also  been  suspected  U3  the  carrier  of  infection. 

lavisible  Micro-ot^anisms. — llicre  arc  a  number  of  diseases  from 
which  the  infectious  material  pa.>t.sc3  through  stone  tiltcrs  which  are 
known  not  to  allow  the  passage  of  visible  micro-organisms.  The  horae 
sfdcDes.-}  of  South  Africa,  yellow  fever,  and  the  cattle  plague,  pleuro- 
pneumonia of  cattle,  are  of  (his  nature. 
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THE   BACTERIOLOGICAL   EXAMINATION  OF  WATER,  AIR,  AND 

SOIL-THE  CONTAXnNA'nON  AND  PURIFICATION  OF 

WATER— THE  DISPOSAL  OF  SEWAGE. 

TuE  bacteriolu^ical  exHiuination  of  water  is  uudertaken  with  the 
purpose  of  discovering  whether  any  pathogenic  bacteria  are  liable 
to  he  present.  The  detenu ination  of  the  number  of  bacteria  in  water 
was  for  a  time  considered  of  great  importance,  then  it  fell  into  disrepute, 
and  the  attempt  was  made  to  isolate  the  specific  genns  of  diseases  which 
were  thouglit  to  be  water-borne.  At  first  these  attempts  seemed  very 
successful  in  that  supposed  typhoid  bacilli  and  cholera  spirilla  were 
found.  Further  study  revealed  tliMt  there  were  common  water  and 
intestinal  baeterin  which  wen*  so  closely  aHied  to  tlie  above  forms 
that  the  tests  applied  did  uot  separate  them.  Even  the  use  of  a  serum 
from  an  aaiiual  immunized  to  injections  of  the  typhoid  bacillus  was 
found  to  agglutinate  some  other  bacteria  in  high  dilutions;  so  that  the 
test  as  usually  carried  out  was  insufficient.  With  the  latest  technique 
it  is  probable  that  the  senim  from  an  immunized  animal  fmm  which 
the  group  agglutinins  have  Ijeen  absorbetl  will  be  sufficient  to  identify 
any  Iweillus  which  it  a^Uitinates.  The  practical  impossibility  of  get- 
ting lyphoiil  bacilli  from  sus[R*cted  water  caused  a  return  to  the  esti- 
maliun  of  the  nundier  of  Imeteria  in  water  and  above  all  to  the  estima- 
tion of  the  nunilH-r  of  intestinal  bacteria.  It  is  known  that  the  group 
of  ci>lon  bacilli  have  about  the  same  duration  of  life  as  the  typhoid 
bBcilli,  aii<l  as  the  colon  bacilli  come  chiefly  or  wholly  from  the  intes- 
tinal passages  of  men  and  animals,  it  was  fair  to  assume  that  typlioid 
bacilli  could  not  occur  without  the  presence  of  the  colon  bacillus.  The 
latter  could,  of  course,  occur  abundantly  without  the  typhoid  bacillus. 

During  the  past  few  years  the  attention  of  sanitarians  ha.s  peen  seri- 
ously devote<l  to  the  interpretation  of  the  presence  of  smaller  or  larger 
numbers  of  colon  Imcilli  in  water,  until  nt  present  upon  the  c|uantitattve 
analysis  (measuring,  within  certain  liinils,  rleconijKising  organic  matter) 
and  the  colon  test  (indicating  more  specifically  that  derived  from  intes- 
tinal discharges;  the  bacterl illogical  analysis  nf  water  is  based. 

Technique  ol  Quantitative  Analjrata.^The  utmost  care  b  necessary 
to  get  reliable  resulls.  A  speck  of  dust,  a  contaminated  dish,  a  delay 
of  a  few  hours,  an  improperly  jireparefl  agar  or  gelatiuj,  a  too  high  or 
too  low  temperature,  may  intrrnluce  an  error  which  would  make  a 
reliable  test  impossible. 

Collection  of  Samplks. — Tlie  small  sample  taken  must  represent 
the  whole  from  which  it  was  drawn.  If  a  brook-water,  it  must  be  taken 
MUne  distance  from  the  bank;  if  from  a  tap,  the  water  in  the  pipes  must 
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firat  mil  off,  for  othi-rwisp  tlie  eJTect  of  nit'iallic  stilwtanres  will  invalidate 
the  results;  if  from  lake  or  pond,  the  .surfanNf  scum  or  botlom  mud 
iiiiist  Ik.*  Hvoiiletl,  hut  may  Ik;  examined  sepiiralcly.  'llie  utensils  hy 
which  the  water  Ls  taken  should  \k  of  a  frood  ((uality  of  fslass.  clciia 
ami  sicrile.  From  a  brook  the  water  can  be  taken  directly  into  a 
botde,  the  stopper  i)einj;  removed  while  it  filU;  from  a  river  or  pond  it 
can  be  taken  from  the  bow  of  a  small  boat,  the  bottle  l>einp  held  inverted 
on  a  pole  with  a  clamp  until  it  has  enteretl  the  water;  from  u  well  A 
Special  apparatus  lias  been  devisetl  by  Dr.  A.  C.  AhlH»tl,  where  a  bottle 
with  a  leailed  bottom  is  so  held  that  when  lowered  to  the  pni[ter 
depth  a  jerk  will  renmve  the  cork  anri  allow  the  lM)ttie  to  fill.  The 
same  device  can  be  ri;r^'<l  up  readily  l)y  anyone.  The  sample  of  water 
should  tx-  tested  as  soon  as  possible,  for  the  bacteria  immediately  be^ 
to  increase  or  decrease.  In  small  bottles  removed  from  the  light  pn-ija- 
tory  miercwir^aiiisms  and  many  bacteria  bejjin  to  increase,  and  am<ni(; 
tliese  are  the  members  of  the  colon  pniup.  Thus,  the  Kronklands  record 
a  case  in  whieh  in  a  sauiple  of  well-waler  kept  durinj;  thrw  <lays  the 
bacteria  incn-aaeil  from  7  to  lOiJ.OOO;  while  .Ionian  foumi  thai  in  a 
sample  the  Iwcteria  in  forlyn-iKlit  hours  fell  from  535,000  to  54,500. 
In  a  siimple  I  took  from  the  Croton  River  the  colon  bacilli  (hirinjt  twenty- 
four  hours  iiicn'iise<l  from  lU  lu  HH>  per  c.c.  The  only  safe  way  to 
prevent  this  increase  is  to  plate  and  plant  the  water  in  fennentative 
tul>es  within  the  space  of  one  or  two  hours.  It  is  far  better  to  inake 
the  cultures  in  the  open  Held  or  in  a  house  rather  tlian  to  wait  six  to 
twelve  hours  for  the  conveniences  ami  advaiita^^  of  the  laboratory. 
If  sent  to  the  laljoratorii',  water  shoul<l  Ik-  kept  Im-Iow  40**  C 

The  tliini  matter  of  great  importance  is  the  adding  of  pnifter  amounts 
of  water  to  tiie  broth  in  the  fermentation  tubes  and  the  media  for  plating. 
ITsually  1  cc,  0.1  c.c,  ami  O.OI  c.c.  are  added  to  the  fennrntation 
tubes  and  to  10  c.c.  of  the  melted  ntilrierit  apar  or  j^latin.  If 
possible  duplicate  tests  shouhl  always  be  made.  When  it  is  <lesin!d 
to  know  whetherculan  ba<rilli  are  present  in  lar^r  amounLs  than  1  c.c, 
quantitie.s  as  great  as  10  or  100  c.c.  can  be  added  to  bouillon,  and  then 
after  a  few  hours  1  c.c.  iuhle<l  to  fermentation  tubes.  T#ss  than  ten 
colonif.s  and  mure  tlmn  two  liiindrt-il  on  a  plate  give  inacciinite  counts, 
(he  .smaller  numl>er  Ix-ing  too  few  to  judge  an  average  an<]  the  larger 
numlx-r  interfering  with  earh  other. 

'Hie  chemical  compnsilioii  of  the  niediuni  on  which  (he  bacteria  are 
grown  affects  the  results  of  (he  analysis.  Nutrient  I  per  cent,  agar 
gives  sliglitly  lower  counts  tlmn  gt-latin,  but  on  atx'ount  of  its  con- 
venience in  summer  ami  its  greater  uniformity  it  is  being  more  and 
more  gi*ncndlr  ustui  fur  routine  (|uantitative  work.  There  is  an  opti- 
tnuin  reaction  for  everk'  variety  of  bacteria,  and  to  ensure  uniformilj 
the  committee  of  the  American  Public  Health  Association  in  1S97 
ailopicil  a  .stiiTidanI  which  wils  a.s  near  as  possible  to  the  average  optt- 
uuiin  for  water  bacteria.  Such  a  imifonn  standanl  is  a  necessity  to 
aecun*  e^jinpambilily  of  the  a-sults  of  various  obser^'ers.  At  best  only 
a  crrUiiii  proporii<m  of  bacteria  dendop,  ami  it  is  only  important  that 
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iir  counts  represent  a  section  through  the  true  bacterial  Horn  which 
Fairly  represenL*;  tlie   quick-growing  sewage  fonns.     Conipnrabilily  is 
le  vitallv  essential  factor. 


I    The  lemperatiirp  at  which  the  iwcteria  <3evel«u  is  of   great  iinpor- 
taiioe,  an<l  they  shoiitil  he  proIeotcJ  fnim  light.      The 
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iicce-ss  of  oxvgen 
which  prevents  the  growth  of  umierobes  must  also  not  be  furgolten. 
As  8  nile,  the  plate  cultures  aiv  developetl  for  three  days  at  room  tem- 
perature, ami  for  eighteen  hours  at  iiiculw-lur  temperature.  Some 
bacteria  do  not  develop  colonics  in  three  <lays,  but  these  are  neglected. 
The  numlier  of  bacteria  growing  at  room  temperature  is  usually  five 
to  ten  times  as  many  as  at  lia"  ('. 
The  glucose  broth  Is  placed  at  37*  C.  for  the  development  of  the  coIdu 
cilli.  Tliefenneiitation  ttil)es  not  showing  giw  aw  rer-onlwl  and  usnidly 
discanle<l.  Th<we  showing  gas  are  suspected  to  contain  ct)|yn  bacilli. 
^o  a  number  of  tubes  containing  mcllcfl  litmus-lactase  agar  at  about 
"  C.  are  added  1,  0.1,  an<I  0.01  loop  iif  the  culture  fluid.  Plates  are 
poure<l  and  the  whole  placet!  in  the  incubator.  The  bacillus  coli  fer- 
ntents  lactose  and  thus  produces  acid;  so  that  if  colon  bacilli  are  present 
we  have  a  nnmher  of  red  colonies  on  a  blue  Held.  Later,  if  many  colon 
bacilli  were  present,  the  whole  me<liutn  becomes  acid.  At  forty-eight 
Jiours,  on  account  of  alkali  lieing  proiliined,  the  blue  color  retunts. 
I  If  after  inspection  reel  colonies  ai^e  seen,  four  or  five  are  picked  and 
planted  into  glucose  bnnilloii  and  other  media.  For  tlie  clmructertstip.% 
of  the  colon  bacilli  (be  Ma-ssachusctls  Slate  Bfmni  of  Hadth  uses  six 
media— gelatin,  lactose  agar,  dextrose  broth,  milk,  nitrate  solution,  and 
.peptone  solution- 

Significance  of  the  Colon  Bscillas. — The  colon  teat  has  been  received 
by  the  majority  of  enniiieer.s  and  practical  sanitarians  with  great  satis- 
faction, and  has  heen  npplierl  with  confidence  to  the  examination,  not 
ordy  <if  water,  bill  of  shell-fish  and  otlu-r  articles  uf  f(M»il  as  well.  On 
the  other  hand,  some  have  denied  its  value.  Bacteriologists  have  found 
cilli  like  certain  menilieni  of  the  colon  group  in  apparently  un|>ol- 
luteti  well-water.  The  discover}'  that  most  aninuds  have  colon  bacilli 
apparently  identical  in  the  usual  chanicteri-stics  siudted  with  those  of 
man  has  complicated  matters.  T1ius  a  fresh  hillside  stream  nuiy  be 
loadeil  with  colon  bacilli  from  the  washings  of  horse  or  cow  manure 
ut  on  the  Belds  through  which  it  runs,  or  polluted  by  a  stray  cow  or 
lOrse.  Swine,  hens,  btrd.s,  etc..  may  contaminate  in  nnsuspected  way.**, 
p  to  the  present  there  is  no  conclusive  evidence  that  colon  bacilli 
cifa'ie  for  uny  considemble  length  of  lime  anywhere  except  in  the 
testiues  of  the  higher  verl*'brates,  and  they  azv.  widely  ilislributed 
nature  maiidy  because  the  fecal  disrhargcs  of  maji  and  animals  are 
conimon  thing  on  the  soil.  When  the  colon  bacillus  is  pn-sent  nn  as 
lie  Isolated  fnnn  1  c.c.  of  water  in  a  series  of  tests,  it  is  i-easonable 
proof  t)f  pollution  and  the  conditions  shoulil  be  iuvcsligatetl.  Ten 
colon  bacilli  in  I  c.e.  indicates  serious  ]}ollntion,  and  venf-  likely  a 
angerous  one.  Winslow  reports  that  in  only  two  out  of  fifty-eight 
pies  of  presumably  non-polluted  waters  did  he  get  colon  bacilli  in 
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the  I  c.c.  samples.  Even  in  twenty-one  stagnant  poob  he  only  found 
colon  bacilli  in  five  in  tlic  1  c.c.  samples. 

The  experieme  of  all  who  have  practically  studied  the  subject  is 
that  in  delicacy  the  colon  test  surpasses  chemical  analysis;  in  constaQcy 
and  flefinitenp.ss  it  also  excells  the  quantitativT  l>acterial  test. 

Interpteta,tioii  of  the  Quantitative  Analysis. — The  older  experintenlers 
atlempteil  to  estaMish  arljitrarv  .staailaiiis  by  which  the  sanitary 
quality  of  wjitrr  coiilil  bi.-  fixrd  HUtonialically  by  the  number  of  ^rnis 
alone.  This  has  been  larj^ly  given  up.  Dr.  Sternberg  considers 
tliat  a  water  containing  less  than  100  bacteria  is  presumably  from  a 
deep  source  and  uncontaminatcd  by  surface  draina;^;  that  one  with  500 
bacteria  is  (n>cri  to  suspicion;  and  that  one  with  over  1000  iMietcna  is 
pres\imably  contaminated  by  sewage  or  surface  drainage.  Even  this 
conservative  opinion  must  be  applied  with  caution.  The  source  of  the 
sample  is  of  vital  importance  in  the  interpretation;  thus,  a  tiaeleria! 
count  which  would  condemn  a  spring  or  well  might  Ix-  nonnul  for  a 
river.  In  wo<Mlhin[]  springs  and  lakes  several  hundred  bacteria  are 
rre<iuently  found.  In  lakes  tiie  point  at  which  the  sample  is  taken 
is  of  great  ixnpurtauci\  as  the  bacterial  count  varies  with  the  distance 
and  with  the  depth.  The  weather  also  is  an  influence,  since  the  wind 
causes  waves  whicli  stira  up  the  iMiitom  nunl.  Rains  greatly  influence 
streams  by  Hooding  them  with  surface  water.  The  season  of  the  year 
is  an  important  factor.  Tlie  counts  are  highest  in  the  winter  and  spring 
montlis,  and  lower  from  April  to  September. 

The  following  figures  illustrate  this  point: 
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The  spring  increase  is  not  an  exception  to  the  rule  that  high  num- 
bers indicate  dun^er  but  tin  indication  of  its  tnith.  for  it  means  a  melt- 
ing of  the  snow  and  a  flow  of  surface  water  into  tlic  streams.  A  number 
of  severe  epidemics  of  typhoid  fever  have  been  produced  in  tliis  way. 
Although,  OS  a  rule,  a  series  of  tesLt  ar(>  necessary  to  pass  judgment  on 
a  water,  a  single  test  may  l>e  verj"  important.  A  large  increase  in  the 
niimlwr  in  tap-water  a  day  after  a  stonn  point.ii  unerringly  to  surface 
pollution,  and  if  towns  exist  in  the  water-shed,  to  street  and  sewer 
pollution.  The  Croton  water  rrec[tiently  jumps  from  hundreils  to 
thousands  iifler  such  a  stonn. 

In  a  typhoid  epidemic  at  Newport,  \Vin,slow  reports  tliat  a  test  of 
the  wiitcr  supply  showed  but  334  bacteria  per  cubic  cenlimeire,  but 
one  from  a  well  showed  61U0.  The  sii.spicion  aroused  was  justified  by 
finding  all  the  typhoid  cases  hud  gotten  water  from  this  well. 

The  study  of  the  bacterial  effluent  from  municipal  water  filters  is 
the  only  way  in  which  the  ctHciency  of  the  (iltcr  ami  the  accidents 
which  ociur  can  be  determined.  In  Germany  these  regular  tests  are 
obligatory.     Klaborate  studies  have  recently  been  made  of  tlte  exact 


BACTERIOLOGICAL  EXAMtSATION  OF  WATER 


447 


^ 


distn'hiition  of  streams  of  sewjipe  in  bodies  of  water  into  which  they 
flow,  their  disappearance  bv  diUitiou  ami  seilimeiitalion,  and  their 
removal  by  death.  I'nder  |jecnliar  coniiitions  barteria  in  water  may 
increase  for  a  time,  but  here  the  prevailing  bacteria  belong  almost 
exchisivcly  to  one  tvpe. 

Streptococci  in  Sewage, — 'llic  varieties  of  streptococci  found  most 
often  in  poMuted  water  correspond  lo  the  streptocoeei  ilescritM'd  by 
HoiLstoii.  In  some  water  in  which  these  are  found  no  B.  coli  have 
teen  found  and  there  is  considerable  doubt  in  such  cases  as  to  whether 
the  streptococci  imply  serious  pollution.  The  streptococci  remain 
alive  much  lont^er  than  the  colon  buciUi,  and  therefore,  probably,  than 
the  typhoid  bacillus. 

The  Proteus  Qroap. — Memt>ers  of  the  proteus  j?roup  are  often  found 
in  poUutefl  waters  and  but  rarely  in  pure  water.  The  bacillus  pyo- 
cyaneus  is  also  at  times  present,  and  ha.s  in  a  few  cases  excited  infectious 
dixirrhoea.     llacillns  cloacm  is  a  common  form  of  .sewage  bacteria. 

Isolation  of  the  Typboid  Bacillas  Irom  Water. — If  it  were  possible 
to  readily  obtiiin  the  typhoi<l  buciiU  from  water,  when  they  were  prc-senl 
in  small  numbers,  lis  examination  for  that  puqHise  would  be  of  much 
greater  value  than  it  is  now;  but  we  have  to  remember  that  we  can 
only  examine  at  one  time  a  few  cubic  centimetres  of  water  by  bacterio- 
logical methods,  and  that  although  the  typhoid  bacilli  may  be  sufHciently 
abumlant  in  the  water  to  give,  in  the  tptantity  th.it  we  ordinarily  drink, 
a  few  bacilli,  yet  it  must  be  a  very  lucky  cliance  if  they  happen  to  be 
in  the  small  amount  which  we  examine.  Still,  further,  although  it  is 
very  easy  to  isolate  typhoid  bacilli  from  water  when  they  are  in  con- 
siderable numliers,  yet  when  they  are  a  very  minute  pro])(>rtion  nf  itll 
the  bacteria  pre.sent  it  is  almost  impossible  not  to  overlook  them.  Mauy 
nttcmpLti  have  Ix^n  made  to  devise  some  method  by  which  (he  relative 
number  of  the  typhoid  and  otiier  parasitic  bacteria  present  in  water 
could  Ijc  increased  at  the  expense  of  the  saprophytic  bacteria.  Thus 
lo  100  c.c.  of  water  25  c.c.  of  a  4  per  cent,  peptone  nutrient  bouillon  is 
added,  and  the  whole  put  in  the  incubator  at  37°  C.  for  twenty-four 
hours.  From  this,  plate  cultures  are  made.  In  our  experience  this 
and  other  methods,  such  as  rollectiug  the  baclena  left  on  a  filter  after 
passing  several  gallons  through,  have  not  enabled  us  lo  detect  the 
typhoid  bacilhi.'^  whertr  we  have  failed  to  find  it  by  making  direct  plate 
culture-s.  As  u  matter  of  fact,  the  typhoid  bacillus  is  nirclv  found, 
even  in  specimens  of  water  where  we  actually  know  that  it  is  or  has 
been  present  because  of  cases  of  typhoid  fever  which  have  <lcvelof»ed 
from  drinking  the  water.  From  these  facts  we  roust  consider  our  lack 
of  finding  the  bacillus  in  any  given  case  as  absolutely  no  reason  for 
considering  the  water  to  be  free  from  tlanger.  Another  serious  draw- 
back to  the  value  of  the  examinations  for  the  typhoid  bacillus  is  that 
they  are  frequently  matle  at  a  time  when  the  water  is  really  fre*  from 
contamination,  though  both  earlier  and    later  the  bacillus  was  prefwnt. 

is  hartlly  worth  while,  therefore,  except  in  careful  experimental 
■searehes,  to  examine  the  water  for  the  typhoid  liacillus,  but  rather 
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sludv  the  Iwadon  of  the  surrounding  privies  «n<l  swirces  of  contauiiua- 
tion.  A  iiumlxT  of  ol*sent'W,  restinjr  on  tin-  i(g);lutinfttioii  test,  have 
thought  they  have  isolated  t^i'phoitl  hacilH  from  (he  soil  and  water,  but 
these  investigators  ha<l  not  eonsidered  sutliciently  the  matter  of  group 
agglutinins,  and  their  results  are  not  tnistwonhy. 


Bacteriological  Examination  of  Air. 


Saprophytic  hacteria  an*  always  prL*.sent  in  eonsiilerahk'  nuintier:;  in 
the  air  execpt  far  out  at  sea  or  on  hl^h  mountains.  They  are  more 
abundant  where  or^nic  matter  abounds,  and  in  dry  and  windy  weather. 
Pathogenic  bacteria,  on  the  other  hand,  are  only  occasionallv  present 
in  the  air.  The  practical  re.suirs  obtained  from  the  examination  of  air 
for  pathogenic  biicteria  have  Iteen  slight.  We  know  that  at  limea  they 
must  Imt  in  tlie  air,  but  unless  we  purposely  increase  their  numltera 
they  are  so  few  in  the  comparatively  small  amount  of  air  which  it  is 
praclicabU'  to  exiimine  that  we  nirely  find  them.  Kxaniiuatioii  of  ftust, 
however,  in  hospital  wards  and  slck-rotmis,  in  places  where  only  air 
infection  was  possible,  have  revealed  tubercle  bacilli  and  otlier  patho- 
genic bacteria. 

The  simplest  method  of  searching  for  the  varieties  of  bacteria  in  the 
air  and  their  nnnil»er  in  any  place  is  to  expose  to  the  air  for  longer  or 
shorter  periods  nutrient  agar  spread  upon  the  surface  of  the  IVtrt  dish. 
After  exposure  the  plates  are  put  either  in  the  incubator  at  37**  C.  or 
kept  at  room  tenipemture.  The  moiv  careful  (|uantitative  examination 
is  made  by  drawing  a  given  (puinlity  of  air  through  tulies  containing 
sterile  sand,  which  is  kept  in  by  pieces  of  metal  gau74^.  \Vbeu  the 
operation  is  coiupletcd  the  saud  is  potiiv<l  into  a  tuljc  (HHilaitiiug  melted 
nutrient  gelatin  or  nutrient  agar,  ami  after  thoroughly  shaking,  the 
mixture  is  poured  into  a  Petri  dish  and  the  bacteria  allowe<l  to  develt^, 
either  at  37°  or  20*^  C,  acconling  as  the  growth  of  the  pam.sitic  or  sapro- 
phylic  varietie.s  Ls  de.sireii.  Insteiid  of  agar  or  gelatin  iLScltic  bn>th  or 
nnunaLs  may  Ik-  inoculiit*'il.  Such  examinations  are  occiisiouHUy  nuuie 
of  the  air  of  ihcalre.-s,  crowded  streets  in  cities,  etc.  They  give  inter- 
esting but  lianlly  valuable  results. 

Bacteriological  Examination  of  the  Soil. 

^^u■  subject  from   its  ugriculturul  side  cannot  Ije  considereiJ   he 
The  soil  ciui  Ik*  gtithertrd  in  sterile,  sharp-poiiiied,  .sheet-iron  tiil)e.s.    As 
in  water,  we  wish  to  leani  the  number  of  luicteria  and  the  ituportnnt 
varieties  of  bacteria  present.    To  estimate  the  number,  small  fractions 
of  a  gmm  are  taken. 

Acconling  to  Houston  uncultivHtcil  sandy  .soil  averages  100.000  bac- 
teria |K-r  gram,  garden  soil  I..'>0().(MHt.  und  sewage-|)ollute<l  I  lo.tKMMKIO. 
The  most  important  Iwcteria  to  l)e  sought  for  are  bacilli  of  the  colon 
group  and  sIreptococcL  Both  of  these  suggest  fairly  recent  excrcntental 
|K>ltutioti. 

The  |>rriod  during  wliirli  tyjdioid  bacilli  remain  nlive  in  soil  is  uo- 


I 


4 


I 


^ 


BACTEHIOIjOGICAL  EXAMrXATfON  OF  WATER 


449 


known,  since  it  depends  on  so  many  unknown  fnctors  ond  differs  so 
in  different  places.  The  typhoid  bacilli  pn)bably  rartly  iiicrciise  in 
llie  soil  and  probably  rarelv  sunive  a  month  in  it.  'I'he  main  danger 
of  soil  liacteria  is  their  Iteing  washed  in  water  supplies  by  rains  and 
nnd. 


Oontamination  and  Pnriflcation  of  Drinking  Waters. 


I 

^™  BnKik-watcr  and  rlviT-water  are  contaminated  in  two  ways;  through 
f  chemicals,  the  waste  products  of  manufacturing  establishments,  and 
tbnxif^h  Imrnirul  Ijnetcria  by  the  contents  of  drains,  sewers,  etc.,  the 
latter  inethtKJ  l»eing  by  far  the  more  dangerous. 

When  water,  which  has  Wen  soiled  by  waste  products  of  manufac- 
tories only,  becomes  so  diUited  or  purified  that  the  contamination  is 
not  noticeable  to  the  senses  and  shows  no  dangerous  prtxlucts  on  chemi- 
cal analysis, it  is  probablysafe  to  <]rink.  When  sewafje  is  the  contami- 
nation this  nde  no  longt-r  holds,  ami  tliere  may  l>e  no  chemical  impuri- 
ties and  no  pathogenic  bacteria  four)d,  and  yet  disease  be  pro*iuced. 
That  river-water  which  has  \wtni  foideil  by  sewage  will,  in  the  course 
of  a  few  miles,  through  the  diliilioii  of  adtlltional  supplies,  through 
sedimentation,  and  through  oxidation,  become  greatly  ])urilied  is  an 
iiidispntable  fact.  The  increase  in  Imcteria  which  occurs  from  con- 
tamination is  also  largely  or  entirely  lost  after  ten  tu  twenty  miles  of 
Lj-  liver  flow.  Nevertheless,  the  histor,-  of  many  epidemics  seems  to  show 
||bhat  a  badly  contaminated  river  is  never  an  absuEiitely  safe  water  to 
"'  drink,  although  with  the  lapse  of  each  day  it  becomes  less  and  less 
dangerous,  nor  will  sand  filter  l>eds  absoUitcly  remove  all  danger. 
'I'liese  statemi-tit.s  are  founded  upon  the  results  of  numerous  investiga- 
tions; thus  the  marked  disapjx^arance  of  bacteria  is  illustrated  by  the 
following:  Knmmel  found  below  the  town  of  Uosbo<:k  ^N.OOO  bacteria 
to  the  ctibic  centimetre;  twenty-'ive  kihmietn-s  farther  down  the  stream 
only  2lM)  were  present — about  the  same  number  as  beftire  the  sewage 
I  of  Rosl>ock  enteri'd.  On  the  other  hand,  the  doubtful  security  of 
depending  on  a  river  purification  is  proved  by  such  experieuees  as  the 
following:  In  che  city  of  Lowell,  Massachusetts,  an  alarming  epidemic 
followed  the  pollution  of  the  Merriniac  River  three  miles  above  by 
lyphoiil  feces,  an<l  six  weeks  later  an  alarming  epidemic  attacked  Law- 
pence,  nine  miles  Itelow  1-oweIl.  It  was  estimated  that  the  water  took 
ten  dap  to  pass  fnjin  1-^well  to  I*awrence  and  through  the  reser\'oiTa. 
Tj-phoid  bacilli  usually  die  in  river-water  in  from  three  to  ten  daj-s, 
I>ul  they  may  live  for  twenty-five  days  in  other  water;  the  I<awrence 
epidemic  is  easily  ex])laiued.  NcwiLrk-on-Treut.  Knglanil,  averaged 
venty-five  cases  a  year  from  filtered  water  and  only  ten  when  it  was 
anp'd  to  iK-c|>-well  supply. 

Porification  of  Water  on  a  Large  Scale. — For  detjiiled    infunnation 

this  subject  the  reader  Is  referred  to  works  on  hygiene.     Surface 

aters,  if  collected  and  heki  in  sutliciently  large  lakes  or  reservoirs 

usually  beome  so  clarified  by  scflimentatiom,  except  shortly  after  heavy 

ins,  as  to  re(|uti¥  no  further  treatment  so  far  as  its  appearance  goes. 

21) 
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The  collection  of  water  in  lur^e  resen-oirs  allows  not  only  the  Hvi 
and  (lend  nintter  to  sulKsiiit-,  hut  ullow.s  time  a\so  for  tin*  putliujfi'iiic 
germs  to  perish  through  liuht  and  antuf^nistic  bacteria  aiul  other 
deletorioiLs  infliienres,  sand  nr  mechanical  coa^lant.  Filtration  of 
water  exerts  a  ver^-  marked  puritir-alion.  (akiiiKoiit  99.8  percent,  of  tbe 
nT;^ni.sin.s  in  those  l»est  eonslnioted  ami  at  leiist  95  percent,  in  those 
commonly  used  in  cities.  'I'lie  ciHistnictionof  fillers  is  *<«•  larfp:*  a  sul>- 
jecl  to  enter  on  minutely  here;  sand  filters  consist,  as  a  rnle.  of  several 
layers,  befjinniii^'  willi  Hne  sand,  and  tlicn  snialler  and  larger  pnvel. 
and  finally  rouKh  stones.  A  certuln  time  elapses  In-fore  the  \)eM  results 
are  obtained;  this  seems  to  wait  for  the  fomiatiun  of  a  film  of  nr^nnic 
material  on  the  sand,  which  Is  full  of  nitrifying'  bacteria.  K^*en  the 
liesl  filters  only  greatly  diminish  the  danjjiers  of  polhileil  water.  tSpring- 
water  and  well-water  are,  in  fact,  filtered  waters. 

Water  which  is  .subject  to  serious  pollution  m».st  be  .lubmittf^l  to  a 

fireiiminark'  purification  I)efore  it  can  lie  consiilereil  a  suitable  source 
or  a  clriiiki[i^-waler  supply.  'l*he  means  emptoyeil  for  its  purincatioii 
(le[>end  to  !i  !ar;;e  extent  upon  ihe  chanicfer  of  the  water  and  the  nature 
of  the  pijllutioii.  Filtration  through  .slow  sand  filters,  three  lit  five 
feet  in  ileplli,  removes  i)S  to  iH).5  percent,  of  tlie  bacteria  anti  orgAnic 
matter;  so  that  effluents  from  tbc  Ijest  constructed!  sand  filtration  l»eds 
constitute  safe  and  reliable  'drinking  waters.  Five  hundred  thousand 
to  one  or  two  million  pallon.s,  depending  somewhat  upfm  the  extent  of 
pollution  and  the  fineness  of  the  j^ainl,  can  be  Klterer]  daily  per  acre. 
Only  the  .surface  of  the  .sand  filter  becomes  in  any  way  dogge^l  and 
us  thin  a  layer  lis  can  \k'  scntpeil  off  is  removed  one  or  ntoiv  times  A 
month.  This  surface  sand  is  wasiieil  with  clean  water  and  several 
scrapings  ti'plawd  at  one  lime.  Sand  lillnition  lieds  aa*  very  widely 
U3e<l  abroad  and  are  coming  into  extensive  use  in  this  country.  The 
filler  beds  at  Lawrence,  Mass.,  have  been  used  over  ten  years  with 
marked  success,  rendering  the  highly  polluted  Merrimac  River  a  safe 
(Irinking-wnter;  the  filter  tx^tls  there  are  scraiKil  about  thirteen  times 
a  year. 

Mechanical  filtration  plants  find  con.<tiderabte  favor  where  olarifica- 
tinn  as  well  us  1>acteriul  purification  is  desired.  A  coagulant  .^ich  a5 
sulphate  of  aluinitinm  is  employe<l  and  fonus  in  the  wat4T  a  floet>ulent 
precipitiile  which  carries  down  with  it  all  suspended  inatler;  .'Jtl.tKXl.OOO 
or  more  gallon.s  of  water  can  Ix*  filtered  on  an  acn*  daily,  but  the  lilteTS 
must  be  washed  once  or  twice  daily  by  H'versing  Ihe  flow  and  cleansiog 
the  clogged)  filter  with  a  stream  of  (he  pnrifie<l  water.  The  bail  clogging 
is  clue  to  lite  fact  that  the  process  is  a  purely  uiechauical  one,  atul  nut 
comiHinible  in  any  way  with  the  vital  processes  carried  on  in  the  sand 
filter  by  the  nitrifying  Imcleria. 

Other  methods  are  coming  into  use,  such  a.s  the  passage  of  ozone, 
and  have  proved  successful.  Such  proce.sses  should  be  under  tlw  diret* 
supervi.sioii  of  expert  siinitiiry  engineer  and   bacleriologi&Ls. 

DomfiBtic  Purification.— Water  which  ref|uin\s  private  tillering  should 
not  !«•  supplied  d-r  drinking  purposes.    Unhappily,  however,  it  often 
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is.  Filters  nwy  IjedividetJ,  rtm^hly,  liit«i  thase  for  low  and  high  pressure. 
~^he  former  are  directly  connected  with  the  water  maiu,  while  the 
others  simply  have  the  sh^ht  pressure  of  tlie  coliitnii  uf  wuter  sUuid- 
iiiU  in  the  Kher.  Mmiy  hijrli-p'vs-siire  filters  contain  animal  charcoal, 
silieattyl  carbon,  etc.,  either  in  a  pressed  condition  or  in  one  i>oroiis  mass. 
These  filters  i-emove  much  of  the  deleterious  matter  from  the  suspected 
waters,  but  the  majority  cannot  Ik*  deiiended  x\\nn\  to  remove  all  bacteria. 
Even  thase  wliieli  are  eipiippeil  for  self-flcansing  l«'eome  in  a  liltle  while 
foul,  and,  if  nol  cleit ned,  unfit  for  iise.  The  Ih'sI  of  the  class  are  nf  jnirous 
stone,  such  as  the  Uerkefeld  and  Pasicnr  filters.  These  yield  a  water,  if 
too  great  pressure  is  not  used,  almost  absolutely  five  from  bacteria,  and  if 
they  arc  rre<)uent]y  cleansed  they  are  reliable.  A  larjp*  B<rrkcfel<l  filter 
will  allow  sixty  frallons  t)f  water  to  pass  [>er  lumr.  The  Pasteur  filter 
is  more  compact  ami  slower.  I''r<»ni  the  l)est  Pasieur  filters  .sterile  water 
may  be  passed  for  two  to  three  weeks;  fn)m  the  fJerkefeld  usually  only 
a  few  davs.  A  .simple  typical  low-pressure  filler  is  that  of  Halley  Den- 
ton. The  U[i[)er  conipiirtinent  contains  the  filtering  material,  which 
may  l>e  sand  or  <'hanT)al,  anrl  is  feil  frimt  ii  r-istern  nr  liyilniiil.  XiU'V 
a  eiTtatn  rpianlityof  wnler  has  passeti  in,  the  sLi[)ply  us  antonmlii-ally 
I  cut  olT  until  the  whole  amount  has  filtered.  A  fdter  easily  ntade  is  the 
^T  following:  Take  a  lar^-sized  eartljenwaw  pot  and  plug  the  hule  in 
^PCte  bottom  with  a  cork,  throuj^h  which  [>a.'^  a  short  glass  tul^e.  Upon 
^  the  bottom  place  an  inch  of  small  pieces  of  broken  flower-pot;  upon 
this  a  couple  of  inches  of  well-wii,sln-i]  small  gravel,  and  upon  this  six 
ti>  twelve  inches  of  well-washed,  fine,  shar(>  sand.  Cover  the  sand  vnt\\ 
!  a  piece  of  filter  paper  und  holil  this  ilown  with  a  few  small  stones. 
Mount  the  pot  on  a  tripinl,  and  it  is  ready  for  use.  The  pafK-r  prevents 
!       the  sand  beinf;  disturbed  wlien  water  i.s  added,  an<l  us  it  also  holds 

Ninost  of  the  sediment,  this  can  Ix-  readilv  removctl.  Kvery  fi-w  months 
pie  .sand  can  be  washed  and  replaced.  Animal  cimrcuat  is  not  a  good 
lubstam-v  for  pertnanent  filtei's,  as  bacteria  grow  well  in  it.  Whenever 
water  is  suspected,  and  there  Is  any  tloultt  as  to  the  filters,  it  should  be 
boiled  for  ten  minutes;  this  will  destroy  all  3>acteria.  This  precaution 
should  always  lie  taken  in  the  pre.senre  of  typhoid  fever  and  cholera 
epidemics. 

The  Disposal  of  Sewage. 

The  disposal  of  sewage  Ls  l>econnng  a  vital  question  with  all  towns 
and  cities  which  are  not  situate^l  near  salt-water  outlets,  since  the 
present  tendency  in  le^siation  is  to  compel  such  towns  to  (lispose  of 
their  waste  so  that  it  shall  not  Ih*  a  menace  to  drinking-water  streams, 
destructive  to  fisheries,  or  a  niilsanw  to  hurbons. 

MethrHls  of  .sewage  purificaliori  depenils  upon  the  character  of  the 

wage  and  tlie  kind  of  cHluent  (loii-ed. 

Two  hunihtMl  tlioy.sand  gallons  of  crude  sewagi-  may  Ix*  filtered 
■^tipon  an  acre  of  land  dally  anrl  an  efSnent  ()blaine'l  which  will  com- 
pare favorably  in  every  way  known  to  the  chemist  and  bacteriologists 
with  the  Ijest  mountain  springs.    This  is,  however,  a  slow  process  and 
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it  is  rare  that  such  a  pure  effluent  is  required.  Similar  results  may  be 
obtained  by  utilizing  the  septic  tank  method,  running  the  sewage  from 
the  septic  tank  to  contact  beds  and  thence  to  sand  filter  beds;  where 
because  of  the  partial  "  self-purification  of  the  sewage  "  in  the  septic  tank 
and  contact  beds  2,500,000  gallons  of  sewage  can  be  filtered  daily  on 
an  acre  of  surface.  In  this  process  less  land  is  required  and  both  ^ese 
effluents  can  be  safely  turned  into  drinking-water  streams. 

If,  however,  a  merely  non-putrescible  effluent  is  required,  one  which, 
though  high  bacterially,  will  not  be  offensive  in  any  way,  or  subject  to 
further  decomposition,  it  may  be  obtained  by  passing  crude  sewage 
to  septic  tanks,  thence  to  double  contact  beds,  the  resulting  effluent 
having  merely  an  earthy,  humus-like  odor  and  being  non-putrescible. 

Where  acid  wastes,  tannery  wastes,  dyestuffs,  etc.,  from  various 
factories  enter  into  sewage,  its  disposal  becomes  a  more  complicated 
problem  and  chemical  precipitation  by  the  use  of  lime  or  other  chemi- 
cals is  generally  employed  for  such  sewage  purification,  which  at  best 
is  only  partial  and  is  sometimes  supplemented  by  sand  filtration. 
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THE  BACTERIOLOGY  OF  MILK  IK  ITS  RELATION  TO  DISEASE. 
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HOM  the  sfamlpoint  of  the  (lairv  ami  ehccj^f  priMhiecr  a  stmlv  of  tl»e 
i^itfereiit  vitriefies  of  bacteria  of  the  nir  and  dust  ore  of  iinportunce. 

me  yield   products  whicli  givt  (he  butter,  cheese,  milk,  or  cream 

bad  taste  or  o«ior.  We  can  only  consider  here  the  bacteriology  of 
milk  so  far  as  it  is  related  to  health  and  disease. 

The  bacteria  in  milk  can  l»e  divide*!  into  two  ^i^at  j»roupa — tliose 
bicb  get  into  the  miik  after  it  leaves  the  udder  and  those  which 
come  from  the  cow.    The  first  group  comprises  bacteria  from  dust,  etc 

The  extntueous  Imcteria  am  of  iiTip<>rl!iiii*e  U'cause  they  produce 
changes  in  the  chemical  composition  of  the  milk  when  they  have  devel- 
oped in  gi-eat  numlnrs.  The  nuinlH-r  of  bacteria  ui  any  sample  of 
milk  depends  on  three  factors:  the  number  deposited  in  the  milk  rn.)ii» 
tlie  cow  s  udder,  from  the  air.  aad  uteusils ;  the  time  during  which  they 
have  dcveIo|H>d,  aud  the  temperature  at  which  the  milk  hag  stooti. 
Tlie  last  is  perhaps  the  most  important.  'J'he  attempt  was  made  dur- 
ing the  past  tliree  years  lo  connect  illness  in  children  with  the  varieties 
of  bacteria  in  milk.  As  a  matter  of  fact  no  such  connection  was  made 
out.  The  number  of  varieties  was  found  to  be  so  great  that  if  any 
special  type  of  disease  had  deveIo|M'f]  it]  thase  getting  milk  it  would 
have  been  an  extremely  ditlieult  thing  ti»  have  miule  out  such  a  connec- 
tion.' This  in  spite  of  the  fact  that  the  varieties  isolated  represent  only 
the  species  pn*sent  in  greatest  minilx;r  in  the  milk  examined,  for  in  no 
case  was  more  than  0.01  c.c.  of  a  niilk,  and  in  most  hi^^hly  contaminated 
milks  only  0.001  cc,  used  in  making  a  plate,  and  varieties  which 
occurred  in  too  small  nnmliers  to  lie  present  in  thus  (piantity  would 
necessarily  be  missed.  For  the  purposes  of  this  boi^k  it  is  not  con- 
sideitid  desirable  to  bunlen  the  readier  with  the  enumeration  of  (he 
varieties  of  bacteria  found  in  the  different  .samples  of  milk  and  their 
jcharacteristics.    Only  a  brief  snnnnary  of  the  results  will  be  given. 


■  TbetMTUflu  wtirvbuUlol  Ontn  die  mil li  ibrouRh  plaitiiK  tn  h 'J  perrpnt,  Uvtoi^-Utraiu  nutrlait 
gvlatlu  or  aKitr.  mid  Ulvr  giowu  upon  llic  ii«uiU  MriiiKicall-uii  p»;d!a,  Tii«  pttUiuvvuic  )<iui>«rUu  ot 
llwinttkrptit  fa«cl«rl«  wi^re  tested  by  lntn|«ritoD«a]  atMl  lubcutaupoug  Inocul&Uon  In  Kulnca-pjgs 
xllli  2  c.c.  uf  n  fottrflxht-hqur  broib  culluro.  mivI  by  fvodliiR  rooDS  kltlnu  for  fovcnil  dn;*  wilb 
ttaS CO. dftllj  of  a  twenty-Cmrhoiir  broth  euliuri.'  b>-  inc«ti« o(  n  hkkIIcIiic dnppor. 

wail  Ifae  cbaraclorUUc*  of  ttiv  banteiia  tbiu  determined,  tber  veru  Uicii  Mpantcd  InTi  rliniH 
lliDowtn(aanearl]ra.4)KMaItile  iliu  Uiiu  •nsKi»<'-'t  >■>  niisitvr'a  Uiitiual  uf  DelermloaU?)!  Baciterl- 
Dtogr.  FoTthCT Mtempi  wm  (hen  naad«  to  IdeniUr  u  mftny  as  pOMlbltof  tbaTUleUwvlia  Uuw* 
pnvloiulr  dflMribed.  uvJiik  itie  daHjripth>nM  of  Cbvfter  mnA  Mlculn.  Wllb  m  ptKt  inanx  Uibi  prarad 
uBiMlifcOorr OT  ImpoailMe  bwnae  of  the  liie<unpl«t«  d«ict1t>tloii«tii  Ulvntun.  or  ibsUckof  kU 
dwadptlwn. 
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Frnm  the  milks  altugi-tlifr,  '2'A9  vnrirties  of  tinclpna  were  isolateil 
ami  sluijifd,  These  2'J*J  varieties,  havlnfj  sonie  culdiral  nr  olher  tliffer^ 
cnces,  were  divulwl  into  the  31  ctasst'S.  cadi  class  i-ontaiiiiii};  from  1 
to  'A\)  morv  or  less  chisely  related  orjianisnis. 

As  to  Uie  sources  of  bacteria  found  in  milk,  we  mode  sufficient  experi- 
menLs  to  satisfy  us  ilmt  (hey  cwnie  chieHy  from  oulsiiie  the  udder  and 
inilk-<iuf-ts. 

IWterin  were  Uotated  from  various  materially  which  under  certain 
conditions  nii^ht  tie  sources  of  eontiinnnaliori  for  the  milk,  and  the 
cultures  rnuipan'd  with  those  tjiken  from  milk.  Thus  there  weie 
olitaiiiei)  from  20  specimens  i>f  hay  and  grass,  31  varieties  of  hncteria; 
fiTim  I.-i  xjH'cimcn.'^  of  fetrs,  iiminire,  and  intestinal  conlerits,  2S  vnrielies; 
from  HI  s|iecii[iens  nf  feed,  17  varieties.  Of  these  7t»  vjirielies  llien* 
Were  26  which  resembled  closely  those  from  milk — viz.,  1 1  fnmi  grass 
or  hay;  2ti  from  manure;  5  froin  feed. 

Uuring  the  investifratioii  a  nuinljer  of  the  varieties  isolatcfl  from 
milk  were  shown  to  lie  identical  with  t>'pes  commonly  foimd  in  water. 

Kn)m  the  few  facts  quoted  above  an*!  from  many  other  olisen'ations 
mule  rlurinj:;  the  course  of  the  work,  it  wouKI  seem  that  tlH>  tenn  "milk 
haclerin"  ns.sumes  a  condition  which  doe.s  not  exi.'it  in  fact.    The  oxpres-    h 
sion  would  .seem  to  inrlicate  ihiit  a  few  varieties,  especially  those  deriiT<l    H 
in  some  way  from  the  cow,  arc  commoidy  found  m  milk,  whirh  forms        ' 
havinjr  cntenil  flie  milk  while  still  in  the  udder,  or  after  its  witlulruwal, 
are  so  well  fitted  to  develop  in  milk  that  they  overgrow  all  other  varieties. 

As  a  matter  of  fact.  It  was  fuun<t  thul  milk  taken  from  a  numlxr  of 
cows,  in  which  almast  no  outside  contamination  had  occurred,  and 
plated  immediately,  containeil.  as  a  nile.  ver*'  few  bacteria,  and  these 
were  strrptococci,  staphyloccH-ci,  and  other  varieties  of  tmeteria  not 
often  found  in  milk  sold  in  New  York  City;  the  tem|>erature  at  which 
milk  is  kepi  bein^;  less  suitable  for  them  thati  for  the  l«icfcrift  which  fall 
into  the  mitk  from  dust,  niarnin',  etc.  A  tiitinbcr  nf  .s|:)ei-imeii<i  nf  fairly 
fresh  market  milk  iiveriij'iiij'  200.(1(10  Imcterin  jier  cubic  tentimetre  wrrr 
e.\amineil  immediately,  and  ugiiin  after  twelve  to  (wcnty-fonr  hours.  In 
almost  every  test  the  three  or  four  predominHiil  varieties  of  the  firsher 
milk  rcmaineil  us  the  prctlominaiit  varieties  after  the  p<'rio<l  mentioned. 

The  above  cxjK-rimcnts  seem  to  show  that  organisms  which  have 
piined  a  j?mkI  perrentajp*  in  the  orrlinary  conmiercial  milk  at  tinie  of 
sale  will  be  likely  to  hokl  the  .same  ivlative  place  for  as  long  a  |>eriad 
as  milk  is  usually  kept.    After  the   bacteria  pa.'ts  the  ten  or  tii-eniy 
million  mark  a  chaiijii'  nccurs.  since  the  inereasiuf^  aciflity  inhibits  the 
growth  of  stime  forms  Ijefon-  it  does  that  of  others.    Thus  sonic  varieties 
of  llie  hirlir  acid  bactcrih  c»n  incivasc  until  (he  aciility  is  twice  lis  gicat 
as  that  wliicii  inhibiUs  the  growth  of  streploctKri.     Before  uulk  reaches  ^ 
the  curdling  point,  the  bacteria  have  usually  reache<l  over  a  billion  to  H 
ciicli  cubic  o'Utimeire.  Tor  the  most  pari  sjxtimensof  milk  from  different    " 
loculitie.H  showed  a  (iiJfcrence  in  the  character  i>f  the  bacteria  present,  in 
llie  same  way  that  the  lnuteria  from  hay,  feed,  etc.,  varieti,     Kven  the 
intestinal  cnntcnts  of  cows,  the  Imcteriolog)'  of  which  might  be  expected 
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show  common  characteristics,  contained,  besiiJes  the  predoiiiiiiating 
colon  tvpe-s,  other  organising  which  "Hflered  widely  in  different  species 
and  in  fhfTerent  locahties.  Cleanliness  in  handlin";  the  milk  and  the 
temjM*ratiire  al  whinli  it  had  bten  kept  were  also  found  to  liave  a 
marked  inflnrnci'  on  the  prednniinaiit  varietie:s  of  bacteria  present. 

Pathogenic  Fropartiea  of  the  Bacteria  Isolatdd.— Iritm|ji^nloneal  injec- 
tion of  2e.e.  fif  hnitli  or  nulk  cultures  of  about  40  percent,  of  the  varieties 
tested  raui>ed  death.  Cultures  of  most  of  tlic  remainder  produced  no 
nppuivnt  deleterious  effects  even  "when  injected  in  lur|;er  amounts. 
The  filtrates  of  broth  cnlttires  of  a  numf>er  of  varieties  were  tested, 
hut  only  one  wwi  obtained  in  which  poisonous  products  were  abun- 
■Janily  present.  Death  in  piiinea-pigs  weighing;  'MM.)  fjrams  f(jlU>wfd 
within  fifteen  minutes  after  an  injection  of  2  c.c;  1  c.c.  ha<l  little  effect. 
I  As  JMieteria  in  milk  are  swallowed  and  not  injected  under  the  skin, 
it  .seerne^l  wise  to  test  llie  effect  of  feetlinj;  tlieui  to  every  youi:^  animal.s. 
Wv  therefore  fed  forty-eighl-hoiir  cultures  of  IHO  varieties  of  bacteria 
kitteiLS  of  two  to  ten  days  of  a^c  by  means  of  a  gla.ss  ttilie.  The 
'kittens  re<-elved  .t  to  10  c.c.  (laily  for  from  three  to  seven  days.  Only 
one  cidture  pnKluccd  illness  or  deatli.  A  full  report  on  the  identifica- 
li<in  of  the  varieties  of  bacteria  met  with  in  this  investijjation  can  l>e 
fount!  in  an  article  by  Dr.  IWchworth  Smith  in  the  HK)2  Aunttai 
Report  of  the  Dtpartvient  of  Health. 

.After  three  yyars  of  effiirt  tn  di-scovLT  some  n-lation  Ix-rwreii  special 
varieties  of  iHu-teria  found  ijj  milk  ami  the  health  of  children  the  con- 
clusion hjLs  I  MTU  reacheil  fhal  m'ifher  through  iiiiiiijal  tests  nor  the 
isolation  fntm  the  milk  of  sick  infants  have  we  been  able  to  estjdilish 
such  H  relation.  Pnsteuriz<ii  or  "sterili/vd"  milk  is  rarely  kept  in 
Mew  ^'iirk  lon^r  than  thirty-six  hours,  so  that  varieties  of  bacteria 
which  after  long  .standing'  develop  iti  such  milk  did  not  enter  into  our 
]>r<ibteni.  The  hannlessness  of  cultures  piven  to  healthy  youn^  kittens 
does  not  of  course  prove  that  they  would  he  e<pially  harmless  in  infants. 
Kven  if  hannles.s  in  robust  infants,  they  mifrhl  l>e  injurious  when  sr.m- 
mer  heat  and  previous  di.sease  had  lowered  the  resi.stance  anil  the 
digestive  |»o\ver  iif  the  subjci't.s.  In  a  recent  investl)i;iition  by  Dr.  I  >.  II. 
Berp;ey  some  ciMmectinn  iH-tween  diarrhn-u  and  pus  and  streptococci 

^^were  fourid. 

^fe    The   results  of  thb   investipition   iippear  to  warrant  the  following 

^Bonclu9ion.s: 

j^   1.  The  oecun\*nce  of  pus  in  cows'  milk  is  probai>ly  always  associated 

''     with  the  presence  in  the  udder  of  sonic  inflaintnator}*  reaction  liroupht 

I     about  by  the  presence  of  some  of  the  onlinary  pyogenic  bacteria,  espe- 

'     cially  of  streptricoeci. 

2.  When  a  cow's  udder  has  once  become  infected  with  the  pyogenic 
bacteria  tlto  di.se«si^  tends  in  pcrsisi  fur  a  lon(j  liiric,  priibablv  extending 
>vrr  several   pi-ricxls  of  lactation. 

3.  Ijictation  has  no  causative  infliu-nce  jrw^r  ne  upon  the  (Tlliilav  and 
ictcrial  content  of  cows'  milk,  though  it  probably  tends  lowani  the 

ivation  of  the  dLsense  when  the  udder  is  once  infected. 
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4.  The  so-called  "gelbe  fptlt,"  or  contagious  inuminitis  of  European 
writers,  appears  to  \fc  inonAy  a  severe  form  nf  maiiiinitis  due  to  a  variety 
of  streptococcus  which,  oh  account  of  its  chrouiogeiiic  properties,  gives 
to  the  milk  its  peculiar  golden-vellow  color. 

Our  failure  to  discover  definite  patlioj^nie  t»acteria  in  niilk.  as  mtll 
as  ilie  Tuimerous  varieties  of  l>acteria  met  wilh,  have  force<l  ns  to  rely 
on  the  clinical  oKsenation  of  infaiii.s  to  note  what  diiTerence,  if  any, 
occurre4l  in  thci-se  fed  oti  raw  ami  rasteiirized  milk  from  the  same  source, 
and  upon  different  milks  of  unknown  uri^n  viin'in<;  in  the  nuitiberof 
bacteria  i-ontaEiicd.  These  oKservalioiLs  were  conihiiietl  with  those  upon 
other  factors  which  influeni'cd  tlie  health  of  the  infants. 

He«t«d  Milk  vs.  Raw  Alilk  for  Iniants.^ — I>uring  each  of  the  summers 
of  VMyj,  ]W.i,  and  11)04  a  sjx-cial  lot  of  milk  was  modified  at  one  of  the 
Straus  depots  for  a  frroup  of  fifty  infants,  all  of  whom  were  umler  nine 
monllis  of  age,  and  distributed  daily  in  the  usual  way.  To  one-half  the 
infants  the  nnik  wavS  given  mw;  to  tht*  nther  lialf  Pasteurized. 

Tlie  mollified  iidlk  was  made  from  a  fairly  pure  milk  mixeil  with 
onlinarv  cnrani.  The  haeterla  conlaineil  in  the  milk  ininil»eped  on 
the  averuj;:e  4;i.OOO  per  cubic  ceiilimetiTe,  in  the  cream  Sfl.flOO.tKK).  'Hte 
modified  raw  ntilk  taken  from  the  hottle.s  in  the  morning  averaged 
l,20(),fK.)0  bacteria  per  cubic  ceiitimetn',  or  tiaisiderably  less  than  the 
ordinary  grocer)'  milk;  the  Pasteurized,  about  1000;  taken  in  the  late 
afternoon  of  the  same  ilav  thev  ha<l  respcctivelv  about  20,IX)0,(HK)  and 
50,(MK). 

Twenty-one  predominant  varieties  of  bacteria  were  isolated  from 
six  specimens  of  this  milk  roHcctetl  on  ditfercnt  ilays.  The  varieties 
reprcsenlitl  the  tv|ws  of  bacteria  freipiently  founi!  in  milk,  'ilie  infants 
were  seleclwl  during  the  first  week  in  June,  and  at  fiwl  all  were  plneeil 
on  Pasteurized  milk.  The  fifty  infants  which  had  been  selecletl  were 
now  separateil  into  two  groups  as  nearly  alike  Jis  possible.  On  ibrl/llh 
of  June  the  milk  was  distributed  without  heating  to  one-half  the  infants, 
the  other  half  receivinji  as  l>efore  the  heated  milk.  In  Uiis  way  iJje 
infants  in  the  two  groups  received  milk  of  identically  the  same  quutity, 
except  fur  the  changes  produced  by  heating  to  165''  F.  for  thirty  minutes. 
The  infants  were  oI>serveil  carefully  for  three  monllis  and  nie^lk-al 
advice  was  given  when  neeessai^".  When  severe  diarrlxra  occurred 
barley-water  was  sulistituted  for  milk. 

The  first  season's  trial  gave  the  following  results:  Within  one  week 
20  out  of  the  27  infants  put  on  the  raw  milk  sidfered  from  moderate 
or  severe  diarrlMi-u;  wliilc  during  the  same  time  only  T)  eases  nf  timilemie 
and  none  of  severe  diarrho-a  oeciirred  in  those  taking  Pnsieuriwd  milk. 
Within  a  month  S  of  the  27  had  to  Ix?  changed  from  raw  back  to  heated 
milk,  because  of  their  continued  illness;  7,  or  25  per  cent.,  did  well  all 
summer  on  niw  uiiLk.  On  the  other  hand,  of  those  receiving  the  Pas- 
teurized milk,  75  |>er  cent,  remained  well,  or  nearly  so,  all  summer, 
while  25  |>er  cent,  had  one  or  nu)re  attacks  of  severe  diarrhu:a.  TIk-it 
were  no  deatlis  in  either  group  of  cases. 

During  the  second  summer  a  similar  test  was  made  with  45  infants. 
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*enly-four  were  put  on  raw  modified  milk;  13  of  these  liad  serious 
diarrhtea,  iii  5  of  whom  it  wns  so  severe  that  they  were  put  back  upoo 
hcuted  milk;  10  took  raw  iiiiik  all  summer  without  bad  eflfeetii;  2  died, 
1  from  gross  neglect  on  the  part  of  the  mother,  the  other  from  iliarrhoca. 
Of  the  21  on  Pasteurized  milk,  5  had  severe  attacks  of  diarrhtra,  but 
all  were  kept  on  this  milk  except  for  short  jM'riods,  when  all  f<Kxl  waa 
oraitteii;  IG  (hd  well  throughout  the  summer.  One  infant,  markedly 
iraeliitic,  died.  The  third  stintuier's  results  have  not  lieeii  tabulale«i, 
)ut  were  similar  to  those  of  the  first  two  testd. 

The  outcome  of  these  ol)scn'ations  duriug  tlic  first  two  summers  are 
lumumri'zed  in  the  foliowinfi  table: 
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Althoiigli  the  number  of  cases  was  not  large,  the  results,  almost 
identical  during  the  three  summere,  indicate  thtit  even  a  fairly  pure  milk 
when  given  raw,  in  hot  weather,  causes  illness  iti  a  much  larger  per- 
centage of  cases  thai]  the  same  milk  given  after  Pasteurisation.  A 
consiilerahle  p<Tcentage  of  infants,  however,  do  apparently  tpiite  as 
well  <Mi  raw  as  on  Pusteurized  wilk. 

Heated  Milk  vs.  Raw  Milk  for  Older  Children. — l^e  children  over  three 

years  of  age  who  received  iinhoated  milk,  containing  at  different  times 

from   145,000  to  350,000,000  bacteria  per  cubic  centimetre,  showed 

almost  no  gastrointestinal  ilisliirbiince.     The  Loridilions  at  three  insti- 

itions  will  servr  as  exmnples. 

In  the  first  of  these  an  average  gratle  uf  raw  milk  was  used  which, 
during  the  sunmier  contained  from  2,000,000  to  30,000.000  bacteria 
per  cubic  centimetre.      This  milk  was  stored  in  an  ice-box  until  re- 

I quired.  It  wa.s  taken  by  the  children  unhcatcd  an<l  yet  no  case  of  <liar- 
rnoca  of  sufficient  gravity  to  send  for  a  physician  occurred  during  the 
entire  summer.  This  institution  was  an  orphan  asylum  containing  650 
children  from  three  to  fourteen  years  of  age — liz.,  three  to  five  ^'cars,  98; 
live  to  eight  years,  102;  eight  to  fourteen  years,  31K). 
I  A  second  institution  used  an  unhealed  but  very  pure  milk  which  was 
obtained  from  its  own  fnmi.  This  milk  averaged  50,000  bacteria  per 
cubic  centimetre.  The  inmates  were  70  children  of  ages  ninging  from 
three  to  fourteen  years.  In  this  institution  not  a  single  case  of  diar^ 
rhoeal  disease  of  any  importance  occurred  during  the  summer. 

>  ThlTtrcn  of  ibe  nur-ono  InfaoU  on  nw  milk  were  tnoaferrBil  b«rom  Xhn  md  of  Uie  trUl  to 
PuwurlMd  milk  bci!a.DworBCTl<MMtlJn«u.    IftbcM  liifknuhud  been  left  oh  nwntilk  ItlsbeJIvrsd 
'  Um  nrlun  tlutt  Ibo  nnmpanCIv?  remilta  wmitd  bavei  been  ev«ii  more  iinAiTi>rkbtolo  r»w  milk. 
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In  a  thini  iii.'«tttiition  an  average  grade  nf  milk  was  used  which  was 
heated.  This  iniik  hcfore  heatiiip  wiitaiiifd  2.(M«).iXK>  tn  :>li,*JtJ<).000 
bacteriii  per  cubir  «'nlimetre.  The  institution  whs  nii  infant  nsyhiro 
in  which  there  were  12(i  ehildreii  between  tl»e  ages  of  iwo  ami  five  yeare. 
There  were  no  rases  of  <liarrlnra  fhiring  the  siiminer. 

These  t'liiufal  cil«serv»lioii.s  taken  iti  CKntifH'tiiin  with  the  hactrrio- 
logical  exnininalinn  iit  (he  hihnnttiirv  show  that  allhough  the  milk 
may  etiriie  from  liealthy  cattle  mid  dean  fanii.s,  and  1h-  ke[it  nt  a  trin- 
pcrattire  not  exceeding  W)*  F.,  a  veiy  great  increase  in  the  nnndier  of 
bacteria  may  (K?cur.  Kiirtherniorc,  this  may  occur  without  (he  accu- 
ninlation  in  the  milk  of  sufficient  poisonuus  products  or  living  hncteria 
to  cause  appreciahlc  injury  in  children  mer  three  years  of  age,  even 
wl»en  such  milk  U  consumed  in  considerable  amount  and  for  a  period 
extending  over  several  months.  Mitk  kept  at  tempf-ratures  somewhat 
above  fiO"  F.  was  not  met  with  in  our  investigatltms.  but  t!ie  histories 
nf  epJdiMnics  uf  plomaiii  puisnriiiig  leach  that  such  milk  may  lie  vtry 
p^Msnnnus.  U  is  alsn  to  Ih"  reiiiembei"ed  ihiil  milk  abitiinflirig  in  Iwe- 
teria  nil  arcount  of  its  Inking  candessly  hiinillivl  Ls  also  idwuys  liable  to 
c<jntain  pathogenic  organisms  deriveil  from  human  or  animal  s4>urxT». 

BaniltB  with  Very  Impure  Milk  Heated  vs.  Those  with  Pore  or  Avence 
MQk  Heated.  — l>uring  the  suuimtT  of  I'.lUl  we  wcrt-  uhU-  Co  olwrve  n 
number  of  babies  fetl  on  milk  gnx*i.«ly  eon1aminate<l  by  bacteria.  In 
1902,  systematic  superxision  of  all  stores  selling  milk  was  inslilumj  by 
the  Health  Department,  sn  thai  the  very  worst  milk  was  not  offered 
for  sale  that  summer. 

The  olwiTvatiotis  upon  the  impure  milk  of  lOtH  are  of  sufliHeiil 
im|K)rlatur  to  Ih-  given  in  detail,  although  alreaily  menlinncd  in  the 
report  of  the  observations  upon  infants  nf  lioth  sunmicr^  which  were 
fott  on  "sloit  milk."  .\  group  of  tjver  \M)  infants  was  so  (livided  that 
20  per  cent,  were  allowed  to  n>maiT)  on  the  cheu|)esl  slorv  milk  which 
they  were  taking  at  the  time.  To  about  the  same  numlxr  was  gi\*cn 
a  pure  bottled  milk.  A  third  gniup  was  fe<l  on  the  .same  (|uaJity  of 
milk  as  the  second,  but  sterili/^d  and  mndifie<l  at  the  Good  rsimaritan 
Dispensarj'.  A  fourth  group  received  milk  from  an  onHnarj"  dairv  farm. 
This  milk  wa.s  si-nl  to  a  ston-  in  cans  and  cidU-d  for  by  the  pi-ojde.  A 
few  infiuits  fei!  on  bn*asl  anil  condensed  milk  were  oI>ser\'e<l  for  controh 

In  estimating  the  significaniv  "f  the  nKscn-ations  reconhvl  in  the 
tables,  one  should  Ikear  in  mind  that  not  only  do  diiTerenI  Infants  possess 
different  degrees  of  resistance  to  disease,  but  that,  try  as  hani  as  the 
physicians  could,  it  was  impossible  to  <livi<le  the  infants  into  gn)ups 
which  .se<'ured  equal  care,  ami  were  subjected  to  exactly  the  same  con- 
ditions. It  was  neces-sary  In  have  the  different  grou|)s  in  somewhat 
different  parts  of  tlie  city.  It  thus  hajipcuetl  that  the  infants  on  the 
cheap  store  iiulk  rvceived  less  home  care  Ihaa  the  average,  ami  thai 
thii.-M'  on  tlie  pure  bntlled  milk  lived  in  the  i-i)iilf.sl  |M>rtittu  of  the  city. 
(ertain  resultn  were,  however,  so  striking  that  their  interi>reialioM  is 
fairly  clear.  It  is  to  be  ootetl  that  the  number  of  infants  include<l  io 
each  group  is  stnall. 


I 


I 
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^ABLB  SllOWIXIi  TKE  RESULTS  OF  pKRDIKfi  l>rfilK<i  JULY  J.ND  AUWCeT.  1901, 
IK  TeNEMKKT  HOUSES,  OF  113  BoTTLK-FKn  iHyANTS  liaHKR  1  YbAR  OK  A«B, 
AND  OF 47  ROITLK-FKII  InFASTS  »ETWKEN  1  AND  2  YgARSOP  AOE  WITH  MH-K 
FROM  DiFFEBEST  Sources.  AND  THF,  NtlMKEHoF  Bactekia  I'RESENTIXTUE 

Milk. 
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There  is  nothinp  in  the  nWrniHons  to  show  that  fairly  fresh  milk 
from  healthy  ruw.s,  livintj  miilcr  gocxl  liygif-nk-  corulilioiis  mid  ron- 
Uining.  on  some  Jiiys,  when  (telivereil,  iis  itiiiny  iis  200.000  luutfria 

r  ctihir  (^nlimetic,  lm<l  oiiy  Uirtcnii  tir  hiiv  piXKluets  i\iw  to  iNit-U-ria 

at  remained  r)eleterii>us  after  the  in!lk  was  heated  lo  near  the  hoiling 

int. 

On  the  other  liaiul,  it  U  ptissible  that  certain  varieties  of  bacteria 
may,  iiniler  conditions  tliat  nre  unsanitary,  find  entrance  to  milk  and 
sun-ive  iiKxIcratc  heat  or  may  develop  poisonous  pronlucts  resistant 
to  lieat  in  sufficient  anioinit  to  l>e  hannful.  even  when  they  have  accu- 
mulated to  less  than  200,000  per  cubic  centimetre. 

Turning  now  to  the  resiihs  of  fcetling  with  milk  which  has  been 

ate<i    and    which    Iwfore   .•^tcrili/jitioii   conlaiiieil    frinii    1  ,{XX),nOO   to 


'  TlilB  Inr&ni  dird  froTn  i^nrtnliti  unxl  tnxirmlit. 

■  Thin  Infant  d!«d  of  t>ueuiiionl«     Th«tw  l>a4  bMU  HO  Mv«r«  fnlcaUiial  dlK>rd«i  noted, 

*  One  of  inc  liiiir  bad  pL-rluMdii,  ilie  ramklnlnE  ihive  died  ftvm  nnoanpllOBled  entsrttls. 
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25,000,000  bucteria  per  cubic  centimetre,  avenif^ii);  about  15,(HH),U00, 
thougli  <>btM)t)C(l  Tron)  hcHltliy  cow.s  living  iitidiT  fairly  decent  conditions 
and  although  the  milk  was  kept  moderately  cool  in  transit,  we  find  a 
distinct  increase  in  the  amount  of  diarriural  iliseases.  'i'htiugh  it  is 
probtibic  that  the  excessive  amount  of  diurrhceu  in  tlii,s  group  of  children 
wo-S  due  to  lincterial  changes  which  were  not  neulralizei]  by  heat  or  to 
living  liHclerid  which  were  not  killed,  yet  it  Is  only  fair  to  consider  (hat 
the  (iilfen-iice  was  not  very  grcal  anil  tliat  the  infunis  of  thia  group  were 
under  surwuiidings  not  ijuitc  us  gooil  aa  those  on  the  purer  milk. 

Finally,  we  come  in  this  eoniparison  to  the  infants  who  rcceivcil 
the  cheap  stfire  milk  Pasteurized.  This  milk  had  frequently  to  be 
returne<l  iiecausc  it  curdle*!  when  boiled,  and  i-ontained,  accorrling  to 
the  weatlier,  from  4,000,000  to  200,000,000  bacteria  per  cubic  ceniimetre. 
In  tlie.se  infants  the  wf)rst  n>sults  w^ere  seen.  'I'his  is  sliown  not  only 
by  the  death  rate,  but  by  the  amount  and  the  seventy  of  the  Hiarrhneal 
diseases,  and  the  genenil  a[)|K'arHnce  of  the  child ren  as  noted  by  the  phy- 
.sicians.  Although  the  aventge  numlHT  of  bacteria  In  the  milk  receit-ed 
by  this  group  is  higher  than  that  reccival  by  the  previous  group,  the 
dilTen-iKr  in  n-siilts  between  this  group  and  the  previous  one  can  hardly 
be  e.\plaine<l  by  the  difference  in  the  numtier  of  bacteria.  The  varietiai 
of  bacteria  met  vMh  in  this  milk  were  more  numerous  than  in  the  better 
milk,  but  we  were  unable  to  prove  that  they  were  more  dangerous. 
Probably  the  higher  temperature  at  which  the  milk  was  kept  in  trunsit 
and  the  longtfr  interval  l>etween  milking  and  its  use  alloweil  more  toxic 
bacterial   products  to  aecunmhtie. 

Sumiaary. — The  oKsen-ationa  here  reconicd  were  made  upon  the 
grtiups  iif  infants  for  periwls  of  about  three  inoutlis  ordy,  and  the  con- 
clusions' druwn  relate  especially  to  the  more  immedtute  effects  of  the 
milk: 

1.  During  cool  weather  neither  the  mortality  nor  the  health  of 
the  infajits  observed  in  the  investigation  was  appreciably  affecte*!  by 
the  kind  of  milk  or  by  the  number  of  bacteria  which  it  contained.  Tlte 
dilFerent  grades  of  udlk  vuricd  much  less  in  the  amount  of  bacterial 
COD  tarn  I  nation  in  winter  than  In  summer,  the  store  milk  averaging 
only  about  750,000  bacteria  jmt  cubic  centimetre. 

2.  During  hot  weather  when  (he  resistance  of  the  cbiktren  WM 
lowcre<l.  the  kind  of  milk  taken  influenced  botli  the  amount  of  illness 
and  the  mortality;  those  who  took  condensed  milk  and  cheap  store 
milk  did  the  worat,  uikI  those  who  recei^'ed  breast  milk,  pune  bottled 
milk,  and  modified  milk  did  the  best.  The  effect  of  bacterial  contami- 
nation was  very  marked  when  the  milk  wo.'^  taken  without  previoiu 
heating;  but,  unless  tlte  coiitamiimtion  was  wn'  excessive,  only  slight 
when  heating  was  employed  shortly  before  fee*ling. 

3.  The  number  of  bacteria  which  may  accumulate  before  milk 
becomes  noticeably  harmful  to  the  average  infant  in  summer  diffets 
witli  the  natUR*  of  tlie  Ijacteria  pit-sent,  tjie  age  of  the  milk,  and  the 

^  TtMM  onncltulOM  wren  dnwa  up  hf  Um  Nriiof  In  UMMtUUoB  wltti  Dr.  U  B.  Hnlt.  feflvr  •  >otM 
Modr  oTlto  ranilta  obuJntd  In  Uw  Mudla  abDra  mmrded. 
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temperature  at  which  it  has  been  kept.  When  milk  is  taken  raw,  the 
fewer  the  bacteria  present  the  better  are  the  results.  Of  the  usual 
varieties,  over  1  .(KW.OOO  bacteria  |>er  cubic  centimetre  are  cf  rtaitily  dele- 
terious to  the  average  infant.  However,  many  infants  take  such  milk 
without  apparently  Imnnful  results.  Heat  above  170°  V.  {77"  C.)  not 
only  ilestrtiys  nnwt  of  tlic  Imcteria  pn'sent.  but,  apparently,  some  of  their 
poisonous  products.  No  harm  fmni  the  bacteria  previously  existing 
in  recently  heated  milk  wiis  noticed  in  these  observations  unless  they 
liwl  amounted  to  many  millions,  but  in  such  numlxrrs  they  were  decid- 
e<ily  deleteriou.'*. 

4.  When  milk  of  average  quality  was  fed  sterilized  and  raw,  those 
infants  who  received  milk  previously  heated  tlid.  on  the  average,  much 
better  in  warm  weather  than  those  who  receive*!  it  raw.  The  differ- 
ence was  .so  quickly  manifest  and  .so  marked  that  there  could  be  no 
mistaking  the  meaning  of  the  results.  The  bacterial  content  of  the 
milk  used  in  the  test  wa.s  somewhat  less  than  in  the  avcnigt^  tnilk  of 
the  city. 

5.  No  special  varieties  of  bacteria  were  fountl  in  tuiheated  milk  which 
seemed  to  have  any  special  importance  in  relation  to  the  suumier  diar- 
rhceaaof  cliildren.  The  mmibcr  of  varieties  was  very  great,  and  the  kinds 
of  bacteria  differed  acconling  to  the  kM'aUty  from  which  the  milk  came. 
None  of  the  139  varieties  selected  as  most  distinct  among  those  ohtaine<l 
injured  very  young  kitteu.s  when  fed  in  pure  culture.s.  A  few  cases  of 
acute  in<ligestion  were  seen  immediately  following  tlie  use  of  Pastcur- 
i7A.'*\  milk  mori?  tlian  lliirty-.Hix  hours  old.  .Samples  of  such  milk  were 
found  to  contain  more  than  1IK),(KJ0.0C)0  bacteria  per  cubic  centimetre, 
mostly  spore-lwaring  varieties.  The  deleterious  effects,  though  striking, 
were  neither  serious  nor  lasting. 

At  the  pre.sent  time  tiiere  is  in  New  York  City  no  general  sale  from 
stores  of  "Pasteurized"  or  "sterilized"  milk;  so  that  here  it  is  very 
rare  for  such  milk  to  be  used  thirty-si.^  hours  after  heating. 

6.  After  the  first  twelve  months  of  life,  infants  are  less  and  less  afTected 
by  the  bacteria  in  milk  derived  from  healthy  rattle.  An^jrding  to  these 
o(>servations,  when  ilie  nulk  iiad  \mm  kept  cool  the  bacteria  did  not 
ap]M*»r  to  injure  the  children  over  three  years  of  age,  at  any  season  of 
the  \ei\.r.  unless  iu  ver>-  great  exei-ss. 

7.  Since  a  large  part  of  the  tenement  pojudation  must  pureba.se  its 
milk  from  small  dealers,  at  a  low  price,  even'thing  p(>s,sible  should  be 
done  by  health  boards  to  improve  the  character  of  the  general  milk 
supply  of  cities  by  enforcing  prujier  legal  restrictions  regarding  its 
transportation.  deUver}',  and  sale.  Sufficient  improvements  in  this 
respect  are  entirely  feasible  in  every  large  city  to  secure  to  all  a  milk 
which  will  be  wholesome  after  heating.  The  general  practice  of  locat- 
ing milk,  which  has  now  Ix'conie  a  custom  among  the  tenement  popula- 
tion uf  New  York,  is  uuflonbtedly  a  large  factor  in  the  lesseneti  infant 
mortality  during  tlie  hot  months. 

8.  Of  the  methods  of  feeding  now  in  vogue  that  by  milk  from  central 
distributing  stations  unquestionably  possesses  the  most  advantages, 
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ill  tlijtt  it  Aectitvs  some  comtant  oversight  of  the  t'hihl,  tinil,  since  it 
furijislii'-s  ibf  fiHMi  in  siirli  n  fonn  IliaT  il  lt*ave.s  iht'  mother  least  In  lio, 
it  gives  her  the  Miiallest  opportiinilv  nf  {{oliifj  wrong.  This  iiiethixl  uf 
feeding  is  one  whieh  ileserves  to  Ik?  iiiueli  more  extensively  einploj'ed,  fl 
and  might,  in  the  iihsence  of  private  philanthropy,  wisely  l»e  umler-  ™ 
taken  by  nmnicipalities  ami  coiitinuetl  for  the  four  months  from  May 
loth  to  Sfpleinl>er  15th. 

0.  The  use,  for  infants,  of  milk  delivered  in  seale<i  bottles,  should 
he  eiu'^numgefl  whenever  this  \&  {Kissible,  ami  its  ndviinlages  duly  ex- 
plaine«l.  Only  the  purest  milk  slioiild  lie  taken  raw,  esjiecially  in  sum- 
mer. 

If).  Sinet'  what  is  nwdi-d  imisl  is  intelligejit  eure,  all  possible  means 
shnuhl  Im"  eniphiyeil  to  ediieale  mothers  and  ihuse  caring  for  infniiLs 
in  proper  niellKKls.  This,  it  is  Itelievctl,  can  most  effectively  be  tlone  by 
tlte  visits  of  pnijicrly  ipmUfied  (ruined  nurses  (jr  women  physicians  lo 
the  homes,  supplemented  hy  the  use  of  printe<l  dia*ctions. 

H.  Bad  snrroundii)gs.  though  coutnbuting  to  luicl  n^^nlls  in  feed- 
ing, are  not  tlie  chief  factors.  It  \»  not,  therefore,  uicrely  by  better 
housing  of  the  poor  in  large  cities  (hat  we  will  see  a  great  reduction  in 
infant  mortality. 

12.  \\'liilf  it  i.s  true  that  even  in  tenements  the  results  with  the  best 
botde  feeding  arc  nearlv  us  go™!  as  average  breast  fee<Jing,  it  is  mIso 
tnie  tiiat  must  of  the  bottle  r('edirig  is  at  present  very  badly  ilone;  SO 
that,  an  \\  rule,  the  immense  superiority  of  hrenst  feetling  oblain.s.  This 
should,  therefore.  Im.*  encouraged  by  ever.-  means,  and  not  discontinued 
wiihout  goo<l  iind  sufTicicnt  reasons.  The  time  and  money  re<piirpd 
forartifieijil  fectling.if  cx|>eiided  by  the  tenement  motlier  to  secure  iKJtter 
food  and  more  rest  for  herself,  would  often  enable  her  lo  continue 
nursing  with  advantage  to  her  child. 

13.  The  injurious  effects  of  table  food  lo  infants  under  a  year  old. 
anil  of  fniits  Ut  all  infunls  und  ViMing  children  in  cities,  in  hot  weather, 
shoiilcl    Ih'  iriiir-li   more  grrirrallv   ap|in-(-iat<*(l. 

Influence  of  Temperature  upon  the  Multiplication  of  Bacteria  in  Milk.— 
Few,  even  of  the  well  informed,  nppn-ciatc  how  great  a  ilifference  a  few 
degrees  of  tenipemture  will  make  in  the  rate  of  bacterial  multiplication. 
Milk  nipidly  and  suHicicntly  c<x>l<il  keeps  almost  unaltered  for  thirty- 
six  houre,  while  milk  iiwutlicicnlly  cooled  deterioralci  rapidly. 

The  majority  of  the  bacteria  met  witki  in  milk  grow  liest  at  tempwra- 
tures  above  7t)°  F.,  but  they  also  multiply  slowly  even  at  40*'  F.;  lhu» 
of  (H)  species  i!W>bite<l  by  ii.s.  42  devcto|>ed  gootl  gronih.s  at  the  end  of 
seven  liays  at  W  V.  Onr  observjilious  have  shown  tliat  the  bacteria 
.slowly  incivii-se  in  ntunlM-i-s  after  the  gernucidal  pm|>erties  of  the  milk 
have  disap|H'ared,  and  (he  gcnns  have  become  awiislonieii  to  the  low 
temperature.  In  fact,  milk  cannot  lie  pennanently  preserve*!  unaltered 
unless  kept  at  32*"  F-  or  less.  The  di-gn-c  (tf  ctHiliug  to  whieh  oitiiimry 
supplies  of  milk  are  subjcctc<l  dilTers  greatly  in  various  hmdilies. 
Some  fanners  chill  their  uiilk  nipidly,  by  means  of  pijie-coils  owr 
which  the  milk  flows;  others  tise  deep  wuuiien  tanks  filled  with  water 
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_  ito  which  the  cans  of  niUk  are  placet!  soon  after  milking.  In  winter 
these  methfHis  are  very  satisfaetorj-,  for  the  water  runs  into  the  pipes 
or  tiiuks  at  about  38°  F.  In  wuniier  weather  ihey  are  unsatisfactory, 
unless  ice  Ls  ii.sefl,  as  tite  itattiral  temperature  of  the  water  niay  be  aa 
high  as  55**  F.  A  eonsiilenible  (piantity  tif  milk  is  not  ctwled  at  all  at 
ihe  farms.  It  \s  sent  to  the  iTeiitni-ry  or  niilmad  after  two  to  six  hoiti'S, 
and  is  thfii  inon-  or  less  roolfd.  These  few  liuiirs  In  summer,  when 
the  milk  is  left  almc^t  at  bloo<i  heat,  allow  an  enormous  dcvelopuient 
of  bacteria  to  take  place,  as  is  shown  in  the  table  below. 

Tablb  I. — SbnwinR  the  developnietil  of  bacteiria  in  two  Ham])le8  of  ruilk  inninlaincHi 

%l  diflereat  t«DpenilarG«  for  iwenty-four,  forty-viglil,  and  niiiclj-Kix  hount,  miifi'livDly. 

Thr  first  sunple  of  milk  htim  riliininixl  iinilrr  i))k  hi^  cond'ulnn^  [lostiible,  the  fieci>ud  in 

the  saual  wmy.     Whvn  riK»ived,  Bpectmen  Xo.  1  comuined  3000  lioctenH  percc,  qieci- 

n«n  No.  2,  30,000  |wr  c.c. 

Time  triikh  cbimtl  befotv  m»\iiiig  t«it. 


FahrenbclL 

21  bra. 

tflbn. 

IWhn. 

ISfihn. 

SS" 

2400 

1!100 

IHoO 

HOlt 

30,000' 

27.000 

24.000 

19,000 

»• 

2.%no 

;-tWK) 

iI.S,OIK> 

■t.iOfl.OOO 

38.000 

66.000 

4,300,000 

38.000,000 

«• 

■itW> 

3«ilO 

'.110,(100 

ll.l'^KI.IKlO 

43,000 

210.000 

6,760,000 

120,000,000 

46^ 

:1I00 

12,000 

l,4S0.Ot.H) 

80,000,000 

42,000 

360,000 

12,200,000 

300.000,000 

fiO» 

11,600 

/i-lO.OiKI 

300.000,000 

69,000 

1,940,000 

1,200,000,000 

M« 

IS.BflO 
187,000 

a.-ioo.ow 

38,000.000 

60° 

It^O.OilO 
900.000 

a^^.lHHl.tMlO 

168,000.000 

ego 

■l.W.lXHi 
4,000,000 

88» 

1,4(HI,(MJO,IH)0 

14.000.000,000 

Mtfrmtu>n*  on  BntifTinl  AfiJtipl\fiitif>i\   in    .Vi'ti-  iit    f>ffi  F.,   n   Temper«Htrt  Oxnmvn 
in   AVw  Ynrk  in   Hoi  Summer  Wtiulter. 

TabLK  n.— .VnmiT  v/  Boeirria  per  1  e.c 


Xllk  1. 

Ullkll. 

Milk  m. 

Fradi  kiirl  of  Rood 

Fair  qtiKUtf  from 

Bad  r|tinlltr  rroni 

qoalltr. 

Eiorc. 

store. 

Origitml  niiiiiber 

A2O0 

92,000 

2,000,000 

Aft«r  two  hours 

S'lOO 

IM.OOO 

4,220,000 

"    foor    " 

12,400 

470,000 

19,000,000 

1.       jIj 

6H,,'>0ti 

1.2(10.000 

30,000,000 

■•    eight    '■ 

654,000 

S,  800, 000 

124,000,000 

A  BBiD|ile  of  milk  No.  I.  removed  ulW  six  houra  and  cooled  In  60"  F.  oonUiiiied 
14.'i,00<'t,000  Nl  Ihe  end  of  lw«iily-roiir  lioinv.  St.nue  of  lliis  milk,  kept  ooal  from  ibe 
It^iimiDji:.  cnnlniaeij  bill  I'i,84Kt  iMicteriFi  per  c  i'.  at  the  end  of  twenty- four  hniir*. 


<  TM  flcnra tefemoc  lo  tiMa  ot  ibe  wcaad  aio|ilo  aie  printed  iu  Itaavr-lkoe  trp«- 
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1.  TIm  ntinibcr  of  baci«rim  pmeni  nl  the  iitue  of  milking  *tm1  tir«nlr-foar,  forty- 
bIrIiI,  umI  nvonl^-lwo  hcHin  nftonrard  in  milk  ubiaiowl  and  kept  uotter  cornctoan* 
di  lions. 

?io  pttBervxtiTM  were  preMot  in  *nj  of  the  following  ■peoimcns: 

Numhur  af  BatUria  t»  iVrv  Oimmtrttal  MUk. 

Taolb  III.  —  Milk  obuiifwd  where  ererjr  rcaauoMblu  menav  was  t&kim  U>  viuiuiv  rl«an- 
lifww.  The  lunjt  hnira  on  tbe  udder  were  clipped ;  the  com  ntiiKhly  ot««n«d  »aA 
lidftced  in  clwin  barnM  ti«fnre  milkinjc ;  lb«  iiddera  wrre  wi|>«<l  otf  Jtni  pfeviom  tu  milk- 
ing; the  IimiiIr  uf  the  men  wer«  vrni>hcd  iiid  dried;  Lh«  pnil>  lued  had  huuiII  (att-incb) 
openings,  aotf  w«r«  tborotiKlily  cleaned  uid  xterlllE^d  br  Kteam  before  uie.  Mtlk  oocdtd 
within  one  hour  after  milking  to  Vi^  F.,  and  tmbBCtiuentl;  kept  at  thai  ttmperslofe- 
The  firetdx  ■peelmetM  Here  oblained  from  indivldnal  cows;  the  Inat  ntx  fram  mlied 
milk  ■■  ll  Bowed  at  diflbrent  titnea  rroiii  the  eniilir.     TnTn|»erBlure  of  bamii  5<^°  F, 

HvaAtr  of  Baeltrm  in  I  e.e.  a/  iVitt.' 
F^om  H*  inOMiuat  tern. 


A.  forage 


ftbn 

after  mllklQc     AlUrSlbra. 

Aneruhta. 

After  Ti  bn. 

&0U 

700 

1S,&00 

Not  ominted, 

700 

700 

29,400 

•1        ll 

19,800 

620Q 

2-1,200 

ti        t> 

400 

200 

S,flO0 

u          u 

MO 

1000 

i2,;(xi 

II                 M 

18,000 

3300 

18,500 

tt                <• 

0000 

19S3 

17,610 

f\r^n  n(a(tf  a»Uk  qT  mMrt  htr*. 

6900 

12.000 

19,800 

4M,000 

6100 

2,200 

20,200 

S60,000 

■1100 

700 

T.WW 

aei.ooo 

1200 

400 

7,100 

Sfi&,000 

6000 

ttOO 

9,800 

44^000 

17011 

■100 

8,700 

889,000 

Average 


4333 


27M 


10,  MS 


329,000 


Twentj-STe  Mroplm  taken  wpamtelf  froni  individual  cows  oa  another  dav  and  taatad 
imincdiHtolj'  avera^l  ISfiO  bulerta  per  ivc.  and  -I'iOO  after  lw*nl.T-four  bourn.  TltfM 
iweoty-Bve  epecinieiw  were  kept  at  between  4*i*  and  SO"  F. 

2.  Milk  taken  durin);  winter  in  well-Tentilatod,  fairlj  clean,  Imi  duxtr  barm. 
Visible  dirt  wan  cleaned  of)'  the  hiiir  about  the  udder  before  milking.  Milkers'  handi 
were  wi|ied  nH',  but  not  wnsbnl.  Milk  paiJn  nndouui  were  clean,  bnt  the  ntnuniti]{  dotlu 
dualjr.     Milk  cooled  within  two  lioun  after  milking  to  46°  F. 

■  Number  of  baoMrla  i>Malne<1  ftwn  ileveleiinieni  oi  onlonlM  in  imlhent  agar  In  Petri  platai  TiM 
nutrfent  Baadluai  eootaliicd  2  patMut.  papumo  aiul  i:i  per  wiiL  near,  and  ww  tUntljr  alkalUM  M 
lltniu.  Odv  ad  ef  pUlM  were  iMiiAllrlen  rhurilajmal  alioui  iv"i'.,«»(l  one  aM  twenty ■fetu  liean 
atST^C  audlben  twvuty-RfLir  tioun  al  lff>  C.  FroiiiS  t»W  (ivrueoL  luore  ookmlei  <J«relci<«d  a*  ■ 
rutetn  the  ptaia  keplai  room  teiapcraitire  thauln  iUom  keiu  tor  twanlr-tCFur  boun  at  XT*  C  Tb« 
milk  wudlluM  a*il«alT«>l  with  tod  or  in.dOO  i>*rt»or  ■tvrlle  witter,  «n4  I  d  e- of  tlx  dttiiled  milt 
was  added  lo  S  e.c.  or  malted  nuir leui  afar.  PlaUa  cuntalning  orw  1000  eolonloa  were  taanA  to  ha 
luiAcumte.  In  tbat  iber  gave  Uio  low  toiau.  Ai>i«ieotl]r  a  ooiuUeraMe  nuniber  of  beeterU  WM 
to  develop  m>li)nlte  wbea  too  isatir  wen  addert  tolbnniitTlantagar,  Nutrtenl  gtlalla  was  Ibond  ■> 
beiiiowtrMitiifaona»and  not  to  yield  nutro  aoounte  rainll*  tbHii  ntitnont  agar. 
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Table  IV. — Ntimh^r  of  Bneteria  i«  1  ce.  of  Milk. 


Al  Urac  of  miUlDg. 

i2,ono 
m.ouo 

21.500 

After  34  tin. 
14,000 
20,000 

31,000 

After  45  bn. 

ft7,000 

e^ooo 

106,000 

Av«tag« 


ib,boo 


7(3,000 


21,6(ifi 
.Vimiff  IN  City  fititk. 

3.  The  condition  of  tiie  Kverage  cJl,v  mttk  b  very  dlSbrant,  fuid  U  shown  to  Uie 

ibllnwing  Ixbloi. 

TIm  twenty  •Atuplen  ware  uJien  late  in  March  by  Inapeoton  of  the  Department  of 
Flealth  of  New  York  City  froiD  cauttof  iiilllc  ioiuiedialelv'  upon  their  arrival  in  the  city. 
The  temptratare  of  the  atmofphere  nvenif^et!  SO"  P.  during  ihc  pr«vions  tw«ity-fonr 
hcMiTs.  The  tempervlure  uf  the  milk  whou  lukcn  fri^tii  lliCL-aiit-  averaged  4-^°  F.  Much 
of  this  milk  had  b««Q  c;irried  over  two  hundred  mile*.  From  the  time  of  its  removal 
from  the  cans  whirh  yras  about  2  a.m.,  until  its  dilution  In  nutrient  afjar,  at  10  a.m., 
;  the  milk  was  kopt  al  almut  45°  P. 

Table  V*. 


/voiN  Ikv 

r*r* 

itkfl  //wboa  Bioer  JlatlrooA. 

From  Harlem  naOroatl. 

Ko.  or  baetarfa 

Nn.  uf  Ijacterii 

Vo.  o(  mmpl*. 

la  1  c.c 

No.  of  aampla. 

[n  1  c.c. 

&0 

.     35.200,000 

48 

.      6,200,000 

61 

.     18,000,000 

40 

.      2,200,000 

&2 

.      2,500,000 

60 

.     16,000,000 

M 

1,400,000 

51 

70.000 

M 

200.000 

62 

80,000 

6S 

800,000 

fiS 

320,000 

While  (lie  ahovp  figures  indicate  that  niiicli  of  the  milk  solil  is  fair, 

^even  in  summer,  they  show  an  appaUin^  condition  for  most  of  that  sold 

to  the  poorer  classes — those  who  not  only  comprise  the  larger  part  of 

the  population,  but  who  arc  also  compelled  to  keep  their  children  in 

to-wn  (hiring  the  hot  weather. 

^k    It  must  be  kept  in  mind  that  milk  averaging  3,000,000  bacteria  per 

^^cubic  centimetre  will,  when  kept   at  the  tempemtuiT  cnmmon   in  the 

homes  of  the  [>oor,  .soon  contain  vcn.'  largely  increased  numlwrs  and 

^bhow  its  tjangenjus  coiHJition  hv  turninjC  sour  aiid  cnnlling. 

^B    OleanlineM  UMd  in  Obtaining  Milk,  and  its  InSueac9. — ^he  present 

^B^oclitions  under  which  much  of  the  milk  is  obtained  are  not  pleasant 

^^o  consider.    In  winter,  and  to  a  less  extent  at  other  seasons  of  the  year, 

the  cows  in  many  stables  stand  or  lie  down  in  stalls  in  the  rear  portion 

of  which  there  is  from  one  to  four  inches  of  manure  and  urine.    When 

milked  the  hands  of  the  milkers  are  not  cleanse<l,  nor  are  the  under 

portions  of  the  rows,  only  visible  masses  of  manure  adhering  to  the 

hair  about  the  tuhler  being  removed.     Some  milkers  even  moisten 

their  hand.s  with  milk,  to  lessen  friction,  and  thus  wash  nfT  tlic  dirt  of 

their  hands  and  of  the  cow's  teats  into  the  rnilk  in  the  pails.     Some 

may  regarvl  it  as  an  unnecessarj-  refinement  to  ask  that  fanners  should 

roughly  clean  the  floors  of  their  stalls  once  each  day,  that  no  sweeping 

should  lie  done  just  liefore  milking,  anil  that  the  udders  should  be 

30 


466 


BACTERIA  PATHOGENIC  TO  MAN 


wiped  with  a  clean  damp  cloth  and  the  milkers  should  thoniiigl 
wash  and  wipe  their  hands  hefore  romnienciiig  milkinp.  The  paih 
and  caiLS  should  not  only  be  carefully  cleani»Hl,  but  afterward  scalded 
out  with  boiling  water.  Tlie  washing  of  the  hamls  would  lessen  tlie 
quuiIht  (if  onltnary  filth  bacteria  in  the  milk,  and  diinlnlsh  rLik  uf 
transinittinp  tn  niilk  Iniinan  infectious  iliseases  tike  scarlet  fever,  diph- 
theria, and  enteric  fever,  by  tlie  iHrect  wJisliinji  ofT  of  iIk-  disease  jjenns 
from  infected  hands.  It  would  also  inculcate  genemi  iilea.-*  of  the  neces- 
sity of  cleanliness  and  of  the  danger  of  transmitting  disease  through 
milk.  The  value  of  cleanliness  in  limiting  the  nuntlier  of  bacteria  l«  ■ 
demonstrated  by  the  figures  containe<l  in  the  tables.  f 

Summary  and  Oonclnaions.— Itecause  of  its  location  and  its  hairy 
covering  the  ciiw'.s  udder  is  always  more  or  less  soiled  with  dirt  anil 
manure  unless  cleaned.  On  account  of  the  position  of  the  pail  and  the 
access  of  dust'laden  nir  it  Ls  inipos-sihlc  to  tibtain  milk  by  the  iisiud 
niethiNls  without  mingling  with  i(  a  consideitible  nuinlier  of  l>ac(eria. 
With  suitable  cleanliness,  however,  the  numljer  is  far  less  than  when 
filthy  methods  are  used,  there  lu'ing  uo  ivason  why  fresh  milk  should 
contain  in  each  cubic  centimetre  on  the  average,  more  than  12,1100 
bacteria  ])er  c.c.  in  warm  weather  and  5000  in  cold  weather.  Such  milk, 
if  quickly  coolcti  to  4fi°  K..  and  kp[)t  at  that  teiiii>eratun',  will  at  the  end 
of  thirty-six  tiours  contain  on  the  average  less  than  ")0,0()0  iTacteria  per 
cubic  centimetre,  and  if  cooled  to  40°  F.  will  average  less  than  its  ^ 
original  numlicr.  ■ 

With  only  moiierate  cleanliness  such  as  can  be  employed   by  any 
fanner  without  adding  appreciably  to  his  expense,  namely,  clean  |Kiils. 
straining  clotlis,  cims  or  bottles,  and   hands,  a  fairly  clean  place  for 
milking,  and  a  decent  condition  of  the  cow's  udder  and  the  adjacent  ^ 
belly,  milk  when  first  drawn  will  not  average  in  hot  weather  over  30.000,  fl 
ami  in  cold  weather   not  over  2.5,000  bacteria  per  cubic   centimetre.  " 
Such  milk,  if  cooled  to  and  kept  at  50**  F.,  will  not  contain  at  the  end 
of  twenty-four  hours  over   lOO.OOO  bacteria  per  cubic  centimetre.     If 
kept  at  40°  F.  the  number  of  iNtcteria  will  not  be  over  100,000  per 
cubic  centimetre  after  forty-eight  hours. 

If,  however,  the  hands,  mttle,  and  Viarns  are  filthy,  ami  the  (wils  atv 
not  clean,  the  ndlk  obtained  under  these  conditions  will,  when  taken 
from  the  pail,  t-ontain  very  large  nnndjcrs  of  Wcleria,  even  up  to  o 
million  or  more  |»er  cubic  centimetre. 

Kresldy  drawn  milk  contains  a  slight  and  variable  amount  of  hac- 
lericidal  substances  whidi  are  capable  of  inhibiting  bacterial  growth. 
At  temperatures  under  oO'^F.  these  substances  act  ettieienlly  (unle-ss  llie 
milk  is  filthyj  for  from  twelve  to  twenty-four  hours,  but  at  higher  tero- 
pemtures  their  etfet^t  is  very  soon  completely  exhansteil.  and  the  !»»> 
teria  in  such  milk  will  then  rapidly  increase.  Thus  the  bacteria  in  fresh 
milk  wliieh  originally  nimilicrwl  ,")0()((  pi-r  cubic  centimetre  dt*f'irasr«l 
to  240(1  ill  the  fiortion  kepi  at  42°  F.  for  twenty-four  hours,  but  rose 
to  7000  in  thftt  kept  at  30"  F.,  to  2.SO,000  in  that  kept  at  65**  F.»  and 
to  12.."AK),000.000  in  the  portion  kept  at  'Jo*  F. 
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have 


milk  in  New  Yi 


CitTi"  is  found  on  bacterio- 
Ingicnl  examiiiatton  to  contHin,  as  a  rule,  excessive  numbers  of  liacleria. 
During  the  coltlest  weather  the  milk  in  the  shops  averages  over  300.000 
hactt-ria  per  eiiliic  ccntlmi'tn.-,  iliiriiig  i_*i»fil  wenllier  bImiuI  1,0CK},(X)0, 
ami  (luring  luit  weather  a!)oiil  5.000.000.  The  milk  in  other  large 
cities  is,  froai  all  uceoiiiits,  in  about  the  same  condition. 

Tlie  above  statement  holds  for  milk  sold  at  the  ordinary  shops,  and 
not  that  of  the  Iwst  of  the  s[>ectal  dairies,  where,  as  previously  stated, 
the  milk  contains  only  from  K).(HK)  to  ;iO.O(M)  bacteria,  according  to  the 
season  of  the  year. 

The  question  might  lie  raised,  Are  even  these  enormous  numbeis 
of  bacteria  in  milk  (hiriiig  hot  wentlier  aelttully  harmful? 

Our  ktiowlwlge  i.s  pmlmbly  as  yet  insuflirient  to  state  just  liOW  many 
bacteria  must  accumulate  to  make  tlieui  noticeably  dangerous  in  milk. 
Some  varieties  are  imdoubtetlly  irioix-  hannful  than  others  and  we 
ha\"e  no  way  of  restricting  the  kinds  that  will  fall  into  milk,  except  by 
enforcing  cleanliness.  We  have  also  to  consider  that  milk  is  not  entirely 
used  for  some  t^velvc  hours  after  lu'lng  purchased,  and  that  durin|f 
all  this  time  bacteria  are  rapidly  multiplying,  e-specially  where,  as 
among  the  poor,  no  provision  for  cooling  it  Is  made.  Slight  changes 
in  tlie  milk  wliich  to  one  child  wtjuld  be  liarmle,s.«).  would  in  another 
produce  disturbances  which  might  lead  to  serious  disease.  A  safe 
conehision  is  that  nu  more  baclcrial  cojilamliialiitii  shouhl  Itc  allowed 
than  it  is  practicable  lo  avoid.  Any  Intelligent  fanner  can  use  sufficient 
cleanlines.'^  and  apply  sufficient  cokl,  witii  almast  no  increase  in  ex(>en3e, 
to  supply  luilk  twenty-four  to  (hirty-six  hours  oU!  which  will  not  con- 
tain in  each  cubic  <.'entinietre  avcroO,000  to  1(K>,000  bacteria,  and  no 
milk  containing  more  bacteria  should  be  sold. 

The  most  ileleterious  changes  which  occur  in  milk  during  its  trans- 
portation are  now  known  not  to  l>e  due  to  skinuning  otF  the  cream,  or 
to  the  addition  of  water,  but  lo  the  ehangci  produccil  in  the  milk 
by  mnltipiicalion  of  bacteria,  During  this  iTiiiltijilicatioii.  acids  and 
distinctly  poisonous  bacterial  prtxlufts  arc  adtlcd  to  the  nu'lk,  to  such 
an  extiMit  that  nmch  of  It  bus  Ix-comc  disliticlly  dclelerious  (o  infants 
and  invalids.  It  is  the  duty  of  health  authorities  to  prevent  the  sale 
of  milk  rendered  unfit  for  use  through  excessive  numbers  of  bacteria 
an<l  their  pnxiucts. 

The  cultim^  tests  to  determine  the  ruimlier  of  bacteria  present  in 
any  sample  of  milk  require  at  least  forty-eight  hours;  so  that  the  sale 
of  milk  found  impure  cannot  U'  prevented.  It  will,  however,  I»e  the 
purpose  of  the  authorities  graduatly  to  force  the  farmers  arul  the  niidtHe- 
men  to  use  cleanliness,  cold,  and  tlispalch  in  the  handling  of  their  milk, 
rather  than  to  iiTcvrnl  the  use  of  the  small  ainmint  tesleil  on  any  one  day. 

If  the  milk  on  tlic  tmin  or  at  llic  ilealer's  were  found  to  ctintain  exces- 
sive inirnliers  of  bacteria,  the  farmers  would  be  cantionwl  and  instructed 
t^i  carrv  nut  the  simple  iK'Cc:?s!trv  rides,  which  would  be  furnished. 

Transmission  of  Oonta^ons  Diseases  through  MiUc.— No  farmer  or 
dairyman  should  allow  anyone  who  has  a  contjigtons  di.sease,  or  who 
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has  been  in  contAct  with  ftny  person  having  scarlet  fever,  typhoid 
fever,  measles,  diphtliena,  or  consumption,  to  have  acoess  to  the  cattle, 
or  to  have  any  connection  with  the  milk  or  milking,  or  with  the  milk 
utensils.  Epideniics  ami  outbreaks  of  contagious  rlisease  are  often 
produced  througli  the  infection  of  the  milk  In  this  way.  Even^  year 
epidemics  ixx-in  which  linvi-  been  traced  (o  railk  coutaininalcij  by 
ignorant  or  cureless  milkiuen,  whohiive  infected  their  milk  from  their 
dirty  hands  or  the  dirty  water,  or  in  other  careless  ways.  This,  of 
course,  is  entirely  unnecessary  and  can  be  prevented.  The  extent  of 
this  danger  may  be  judged  by  the  fact  that  two  years  ago  there  was 
published  in  one  of  the  medical  joumaU  a  report  upon  330  outbreaks 
of  epidemic  diseases  traced  to  milk;  195  of  these  were  epidemics  of 
tvplioid  fever,  in  147  of  which  the  disease  prevailed  at  the  dairy  or 
fann;  in  67  it  wns  due  to  contaniination  of  wcll-uatcr;  in  24,  emplo\'& 
at  the  fnrm  were  acting  as  nurees,  and  in  10  they  were  working  while 
still  sick.  There  were  99  epidemics  of  .scarlet  fever,  in  68  of  which 
tlie  source  of  infectiou  was  traced  to  the  illness  of  peniuus  at  the  dairy; 
in  17  the  employ^  were  themselves  suffering  from  scarlet  fever,  nnd  in 
10  they  were  acting  as  nurses  to  scarlet  fever  patients.  In  other  cases 
the  mode  of  infection  wns  through  the  storage  of  milk  near  infected 
rooms,  or  the  jioison  was  brought  by  cans  or  bottles  from  patients' 
houses.  There  were  36  epidemics  of  diphtheria,  in  13  of  which  the 
disease  existed  at  the  fann  or  dairy. 


PART  IIL 

PROTOZOA/ 


CHAPTER  XXXVII. 

CLASSIFICATION  AND  GENERAL  CHARACTERISTICS. 

All  animal  forms  consisting  throughout  their  entire  life  of  a  single 

ell  or  of  a  oniony  of  single  cells  H.re  called  protozoa. 

They  are  so  closely  related  to  the  prolophyta,  or  lowest  plant  forms, 

on  the  one  side,  and  the  tnetiipliytu,  or  inany-celled  animals,  on  the  other, 

that  it  is  difficult  to  mark  out  a  sharp  line  of  distinction  between  them. 

In  general,  it  may  be  said  that  each  cell  consists  of  protoplasm  which 

is  differentiated  into  nucleus  and  crtoplaam,  both  parts  showing  many 

I  variations  in  the  several  groups,  and  that  each  cell  undergoes  a  more 

>r  less  complicated  life  cycle,  appearing  in  different  forms  at  different 

^stages  of  development. 

Soflein,  in  Kolle  and  Wassermann,  gives  the  grouping  of  the  protozoa 
follows : 

Phtlcm:  Protozua. 

1.  Sabphjrhiin  :  PliumrMlrama.     DoH^rin, 
I.  Clan:  Rhizo|KHls.    t.  fii«bold. 

I.  Order:  Amtpbina.     Kh«!ober({. 
11.  Urdur:  Heluwtik.    llaekel. 

III.  Order:   KjidiolnriiL     JohiinnM  Mtillsr. 

IV.  Onler:   Fursminif(<rti.     d^OrUigny. 
V.  Older:  Mvtwiozoa,    de  Barj?. 

H.  ClaHs:  Mastiji^phnra.     tlieain^. 

I.  SubcluH:   FlngellaUi.    Cohn  em.  Biitachli. 

I.  OrdM:  IVotomoti&dtnft.     BloohmaTin. 
II.  Order:  Polymutifiitia.     riutMcliHuid  Blucbinuio. 
III.  Order:   Enitlenoidina.     Klebn. 
IV'.  Order:  CJIiromomnnadma.    Hloi'liinaitii. 
V.  Order:  Phycuiuonadtca.    Bloclioijuia. 
n.  Bnbcl&m:   Dinoftngellnla.     Bul«ch1i. 
I.  Order :  Aduiido.    B«rgb. 
11.  Order:  IHnifern,     Bergh. 
HI.  SabcJaa*:  (.'vstuHaf^tllala- 

Appendix :  TrichonjtnphidiBL    L^;. 

'  TbefoUowlui  |[enenil  nu  t  ho  Title*  nn  proioioK  Imvv  btmn  ooTuuilied  fraclf  In  thin  work  ;    IfoActn 
And  I*n>waa»k,  in  Kolle  aad  WaaHnoauD :  Mlnchln.  Id  Kay  Laukeitar:  Calldiii. 
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Phtu'm:  Protozoa. 
111.  Clan:  Sporozon.     I«urturL 

I.  Babclawt:  T«lo»iporidia.    ScbAiidinn. 

I.  Ordrr  :  Coocidiomorplia.     DoJlcin- 
].  8ubord«r:  Coccidift.     L«uokkrt. 
n.  Sabordcr:  ItivmosportdiR.     Danileiraki  em.  Schiuilifia 

II.  Order:  Oregiriuida.     Aiin^  Scbncidcrem.  Dod«in- 

1.  Kubnrder:   Kiigregtirlniiln.     Ihiflein. 
II.  Suborder;  Am'i'bwiwiridiu.   Aim^  Schneider. 
11.  Subclan:  NeoKporidia,    Schaudion. 

I.  Order:  L'nidcMporidlft.     DnJlein. 

I.  Suburdvr:  M^xoBporidix.     BiibK-hli. 
II.  Siiiinrd«r:  Microxpnridift.     llalbiani, 
n.  Order  ;  Sarontiporidia.    Sulbuini. 

Appendix :  Berunsporidia.  ]1splofi|H>rtdta,  l,fmphm|>oridii 
II.  Subphjrium:  dliophora.     DoHoin. 
I.  CIam:  Ciliaia. 

1.   Order :  HololrJDha,.    8lcin. 

II.  Order:  [leteruuicli^.    Steia. 

III.  Order:  Uligoincha.     Butscbli. 

IV.  Order:  Iljpotriclin.    Stein. 
V.  Order:  Pcrilricha.    Slein. 

II.  Claw:  8uctaria.     Uiitt^chH. 

So  far  oiil)'  a  few  of  (hf^  protoxoa  tiave  I)een  .shown  to  produce  dis- 
easp  in  man;  in  the  lower  Animnls  the  number  of  pathogenic  fnmu  is 
riighUy  larger,  but  the  gtvat  majotitv  seem  to  dwell  &s  harmless  para-  ^ 
sites  in  the  bodies  of  their  husts.  H 

The  grou|i.s  whirh  are  of  meijical  iii(ere,st  arc  the  fo]lnwiii(»:  The 
amflebiriH^  nml  the  iiiveetozoa,  from  the  daiw  rhizopMla;  the  nagellala, 
from  the  class  masti^phora;  the  sporozoa  as  a  class,  and  one  onler 
from  the  citiata. 

The  AmoebiQi  (Fi}^;.  144)  include  forms  composeil  of  naketl,  simply 
constnjcted  protoplasm  having  the  power  of  producing  variously  shaped 
psendopodin,  or  protoplasmie  proces.se.s,  which   are  used   as  organs  of 
locomotion  ami  of  nutrition.     They  possess  generally  one  nucleus  and  fl 
a  i*ontraclile  vacuole,  ^ 

Tlie  life  cycle  of  only  a  few  varieties  ha:*  l>een  studied,  and  until  the 
full  cycle  of  development  of  any  st>-calle<l  anueha  L*  known  it  is  imiKio- 
sibic  to  say  whether  it  Iwlongs  amnnj;  the  rhizopotla,  or  whether  it  is 
one  of  the  forms  of  tievelopment  of  another  ffrinip,  as  aniteboid  fonns 
may  occnir  at  some  time  in  the  life  hUtory  of  all  group.s.  Acconling  to 
the  few  forms  studietl,  the  amrrl>a'  increase  by  (I)  siatple  di\'ision  and 
by  [-)  encysting.  In  the  latter  ca.se  the  nucleus  divides  into  many 
daughter-nuclei,  which  arraiiKe  themselves  around  the  periphetT.',' and. 
under  favorable  conditions,  the  protoplasm  ilivides  nI>out  them  ami 
young  amft'bie  are  fomied,  leaving  often  a  central  mass  of  protoplasm, 
or  "crj'stal  rciidunm**  ("Rest  Ktiqier").  'Hie  young  amfT-lne  then 
break  through  (he  cyst  membrajic  and  soon  assunte  the  forms  of  the 


>  Sm  flcitna  under  aiiKriM  ootl. 


>  SMAfurat  under  amafaaooU. 
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atlult  uiuuebiv.  In  one  species,  after  division  of  tbe  nucletis  and  proto- 
p)ii$iii.  tlic  daujjhter-celts  Ijecoine  "swiirm  spores"  with  two  fla^'lla. 
A  certain  fomi  of  cnnjuj^alion  lias  licen  olwerve<l  in  some  varieties. 

Ama-bie  are  found  mostly  in  standing  fresh  water  and  sea-water  and 
on  moist  vepetahle  sulislatices.  A  few  liave  btrn  described  in  the  body 
Buids  of  the  higher  animals.  Thase  so  fur  known  to  tw  ]>ara.siti('  for 
man  are  amn-ha  ffoli  ami  a  few  closely  related  varieties  which  are 
described  below. 

Kio.140 


'> 


T/ 


A.  Cell  of  rtwt  of  eattbsfv  Inflllntwl  with  ptumodlapbuM  hukdInii.  TIm  uwcUe  nni  tiaiag,  forai- 
Intc  plumodlK.  B.  BiVtnDlliKmllotlc  dlvlilon  oftbcuns^ba:.  The  nafllcuiaf  the  tacMtMll  beneath. 
(An«r  N'AWMc-fatn.i 

The  Mycetozoa  are  a  group  of  organisms  showing  rharaeteri)(tics  of 
both  plants  and  animals.  They  are.  therefore,  claimed  by  botanists  as 
well  it-s  zoiilngisi.s.  Tliev  have  pofw»'s.swl  some  iiiten^st  of  late  from  a 
ininlical  sUimipoint  l>ecaiise  one  variety,  the  plasmndiophora  brassicae 
\Van»nin  (Figs.  140  and  I41),wliich  is  an  intmeellulnr  pani.site  of  mem- 
Ikts  of  the  crucifenL'.  pnidiieing  large  tumors  in  their  mnt.s  ("fingers 
and  toes."  "clnb-foot").  ha-s  been  .show])  to  fonu  cell  inchisions 
somewhat  similar  to  some  of  the  cell  inclusions  seen  in  the  carci- 
nomnta,  ami  certain  investigators  have  thought  thai  it  l>ears  a  re- 
lation to  the  etiology  of  farrinoma.  But  .so  far  no  relationship  has 
been  proven.  The  plasmodiophora  brassicse,  wlien  inoculateil  into 
experimental  animals,  produces  only  small  granulomala  which  finally 
disappear. 
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The  FUgellata*  are  organisms  coin|>o5ed  of  naked,  variously  constnictHl 
protopl.'usm,  ami  moving  by  mrftns  of  onr  or  more  long  flagella.  Some 
fomis  also  show  amirhoicl  nioveinents.  The  number  iiii'l  charai.-trrLstics 
of  tlie  flagella  vary.  Ge?icrally  there  Ls  a  |)rinci|»al  Hagelluni  directed  for- 
ward, and  there  are  from  one  toseveral  6ugella  diret-tetl  backwani.  Often 
a  flagelluni  seems  to  be  attached  throughout  part  of  its  length  to  the  >Jo<Iy 
of  tlie  orguniam  by  a  wavy  or  undulating  lueuibntne.  The  protoplasm  of 
the  flagella  appears  homogeneous, except  for  the  fact  that  it  may  occssion- 
ally  show  small  gmnules.  The  Rjigella  arise  from  small  granules,  tlie  *'  fla- 
gella roots,"  which,  acironling  to  some  authors,  are  similar  to  centrosomes, 
and.accoriling  to  others,  mieronuelei.  The  body  of  the  flagi^llata  is  gen- 
erally round  or  oval  and  nion^  or  less  iimtile.  Its  pnitnpliism  may  be  finelj 
or  coarsely  granular,  sometimes  reticular,  and  may  conlaia  one  or  more 
vacuoles,  one  or  two  of  which,  situated  anteriorly,  may  l>e  contraclile.    Il 
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may  also  contain  v.irious  fiMxl  particles.  The  nucleus  situated  anterioi 
varies  in  appearance  in  ihc  diffen'ut  species.  It  Is  usually  more  or  leas 
gninulur,  with  a,  central  bmly,  but  in  some  species  it  i»  ^'esicular.  The 
Hagellnta  nniltiply  either  in  the  purely  motile  condition  or  after  encysting. 
In  the  first  case  tlie  division  is  generally  longitudinal.  In  the  second  case 
they  mav  or  mav  not  conjugate  before  they  encyst.  'Hien  division  fomu 
occur  in  tlic  cyst  by  a  process  somewhat  similar  to  that  in  the  annebce. 

Flagellates  are  found  in  foul  and  stagnant  water,  in  the  occfto, 
and  a  few  in  rivers  and  in  the  body  fluids  of  higher  animals.  Tlie  fol- 
lowing species  which  are  deacrilied  below  have  been  reported  as  being 
parasitic  in  man:  trj-panosoma,  cercomonas,  trichomonas,  lamblia 
intestinulis. 

\    The  aporosoa  arc  a  group  of  exclusively  parasitic  protozoa  of  verv 
widespread  occurrence,  living  in  the  cells,  tissues,  and  cft%'ities  of  ani- 
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mals  ot  e\'eiy  class.  Generally  they  are  harmless,  but  some  varieties 
may  produce  pathological  changes  aod  even  fatal  diseases  severely 
epidemic. 

I  As  their  name  indicates,  they  are  all  characterized  by  reproduction 
through  spore  formation,  hiit  they  exhibit  the  utmost  diversily  of  struc- 
tural and  developmental  characteristics.  As  a  rule,  each  species  is 
parasitic  on  one  kind  of  tissue  of  a  particular  species  of  host.  They 
are  generally  taken  into  the  system  in  the  spore  stage  either  {1 )  with 
the  food  of  the  host,  (2)  by  the  bites  of  insects,  or  (3)  by  inhalation. 
The  spore  membranes  are  dissolved  by  the  fluids  of  the  host,  and  thus 
one  or  more  germs  or  sporozoites  are  set  free  to  bore  into  the  special  cells 
of  the  host.    Here  they  grow,  some  remaining  intracellular  permanently, 
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r^TUtettOIUln  life  cycle  of  flsp^tlaio*:    l.nrotinx  fl>«*l>*t«  :  3,  adult  ria^llat«:  3.  ton- 
dIrUoa  of  aduU  free  furm ;  i.  OMughtez  OntpHlAU) ;  5,  wiorcUUoci :   C-S,  tUvlatoii  Into 
1«:  X  Bnd  £,  division  Into macra^metcB  and  mlrrogftmeMCfibUMtetlaUelifflOlDefOmu;  9, 
''MqloB^oti  of  tb«  l«og«ui«l«a :  y,  ooD>uiKtloii  vf  tbu  nuMvagMmlM  ftnd  akrogMDMa;  10,  nBtlaf- 
-tnote;  11-12,  dlvtiloo  totorouDc.    (After  Dofiela.) 


otlien»  only  in  the  young  stages.  The  latter  cither  pass  different  phases 
of  their  more  or  less  complicated  life  history  in  difl'erent  parts  of  the  body 
of  one  and  the  same  host,  or  they  pass  some  phases  of  their  life  cycle  in 
the  cells  of  an  intermediate  host. 

Tlie  sporozoa  vary  widely  in  size  as  well  as  in  other  characteristics. 
From  the  smallest>  -several  of  which  can  Ije  contained  in  a  single  blocxi 
cell,  there  are  all  gradations  In  size  up  to  those  that  may  be  seen  by 
the  naked  eye  (Prospora  gigantca,  16  mm.). 

Besides  being  cbarjicterized  by  the  power  to  produce  more  nr  less 

Insisting  spores,  the  sporozoa  are  also  characterized  by  the  fact  that  as 

a  class  they  possess  none  of  the  special  organs  found  in  other  protosioa 

^for  ingesting  or  digesting  solids.  Alany  develop  dagella  or  show  amoeboid 
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30  far  as  they  increase  the  absorpli\-e  surface  of  the  body,  as  food  is 
absorbed  by  dilTusioii.    Fowl  vacuoles  or  contractile  vacuoles  have  not 

l^been  found. 

^B    The  life  cycle  of  a  typical  sporozoan  is  represented  after  Schaudinn 

^b  Fig.  143.  * 

^p  A  somewhat  similar  cycle  may  be  followed  in  the  study  of  the  coc- 
cidiiiiiicunicuH  of  the  r<d)l»it.  a  description  of  which  is^ven  below.    The 

^^Other  varieties  in  thU  gnmp,  which  arc  para-sitic  in  man,  or  whirh  are 

^■^  some   medical    interest,  and  which   are  describeil  below,  are  the 

^following: 

I  Various  not  fully  studied  coccidia. 
l*la.smodiuni  inalaria-  mid  its  allies. 
Piroplasma  bi^emmiuni  and  its  allies. 
Nnspma  hnmbycis  »nfl  nasema  lophii. 
Th«  Oili&ta  (See  Fig.  159)  belong  to  the  most  complex  of  the  protozoa. 
Iiry  pdfvscis  a  definite  entnpl.nsm  containing  nuclei  and  food  \-acuoles, 
and  a  definite  ecto|.ila5in  couliilniiig  basal  gniimles  from  which  arise  the 

■cilia  which  give  the  group  its  name.     They  have  organoid  structures 
^hich  receive  the  food,  and  some  have  definite  mouth  openings  indeed, 
and  definite  places  for  cxcn'fing  waste  pro<liicts.    Tlie  food  vacuoles  may 
contain  acid  or  alkaline  digestive  pitKlucts.     The  nuclear  material  is 
^Bdiiferentiated  into  two  fonns,  u  large  macronucleus  and  a  much  smaller 
P^nicronucleus.     The  function  of  the  niacrunuclcus  is  suppo»e<]  to  be 
vegetative,  and  that  of  the  niicronucleus  reproductive.    The  macro- 
bnueleus  varies  in  si7,e  and  shape  and  is  completely  tilled  with  an  alveolar 

^^  DsscRimos  or  Fio.  H3. 

I  The  U(«  C7el«  or  cocddinni  Scbnbervl.    /to  f//r«pr«««nt  Ihu  luwiualritpmducaoiiorKclifMeonr, 

eoinnieiM-ltix  wUti  liihKUnii  of  nii  «]iUhettKl  (>«]l  b^u  lOKnixiilte  nrR  iporanillv;  Die  inonnoiceBdor 
iUcc  ytJ  uMr  Rtan  a<Alii  al  Aagv  IJ,  m  indicated  by  Ibc  Arrow*,  or  U  may  co  gii  to  Ibp  rmrmfttlnti 
Of  fuanoejlm(tXloXn).  /.Tto  XIVrvprvMOl  \b»  n-snul  ijuiismtltiii.  tin-  linp  of  dovelopuieut 
tieoeulae ipHt  iDIOlwoUnes— male  >,  and  remale  f .  cnlm^nallTiK  in  ihe  hil|cl)lr<llircrcnilAt«»1  Kani«m, 
wUchceoJttVBbiKiidbecuraoatpiliiailnBlollnfi.  Kliown  In  AVrniid  XV.  TbvsyKulaUiuitur&ivdipwa 
oa  tA  tb.»priodtieU(tnof  rpcrt*.  XVIut  XX.  /  la  jt'  Kpreaent  epltliclial  cellailiawlng  r«netniiJOD 
of  a  mvKnolte  or  m  vponuolle  and  lu  cliaiiitc  Into  a  echUout.  V.  the  ducIviu  ot  ibn  acbiioiit  dlvid' 
Inc.  VI,  nutncrmudauehter-ntiT'Jcl  In  thesrhlaoiit  K/J,  Kgmcniatlnn  nf  ciii^MUilumtlntuiiunieraiiB 
DMcuciita.  about  a  central  uiaa>  of  rv&Uiual  inotoiilaaiu.  n  hlcb  lu  Uilii  Diciiie  ta  hidden  by  iti«  attain 
■olles.  VIII.  ini;T(tM:itlr  paadnK  WTvlnfeclliiiat  (vIlKTid  repeat  ihr  firoomxif  M'tilmK'ii'}'-  fX,  X,  mero- 
Mitci  to  be  diin)i«iiU«(ed  lulo  isaio  and  leiuaCe  e&mctooytM  Xla  >ud  XJIa.  tlie  Lwu  inin«toO]rtM 
wllbln  a  hnat  cell:  ifao  mlcrocaini<trH7tr  ( J, )  lum  fine  rnmilnifonB:  thi^  ciiirTOKainnicicytu  d) 
baacoaraosntntilatiuiiH.     XJb.mtx  Imniatur*  [«uGal»  ^njeitvi'ylc  uriltilii  a   tiuilcvll.    Xlc,  h  femaUi 

i  Sanunoojtc  undervolnx  nialuratloii.  Hill  In  lbs  hoit  cell.  XIIl,  Dkatoni  macrasmiDBlavyUi.  ftvad 
rmm  lb«  bnai  Mil,  and  aandlng  a  e^nnu  of  i«c«pUAn  toward  an  aE'proai^blng  mlcragametacfio. 
Xrn,  a  (uU-KTOw  □  nilcro-gameioorte  w  ItUn  a  boat  t:«ll.  In  Xtle  the  uuclt^usof  Uie  iutcra(am*loc>'ta 
b«adlTld«d  up  to  tonuasrcal  nnmberf^l  dniiKbternucliM.  In  Xil<tthc  niicl'dnltbe  laitsu^  bare 
beooine  inlcin^m«tc!i,  aacb  wltb  two  naiirUa.  Xlh.  tvinvnenia  ifae  frea  [ulcrDK&iuelca,  awlmutlDg  Co 
ftnd  a  nui(*mgarn«tc  XIV,  Mtf-  lyKOtv  {KnwitfA  ■iiA^ri^Katnrt^),  tnrroondcd  hfaioiiKh  momhrancnr 
(■^J^M.  wblvh  allowi  iio  lourv  tuk'Tusumotus  tutruter.  au<J  voulniuliiK  ^^^  TeuiaJv  ■.■brmnaiiu,  wbicfa  It 
tkkliiK  the  form  of  asplndlo.  and  ttto  male  rhromaUn  In  a  oompacl  tump.  XV.  the  chrcmiallti  from 
Uieae  two  tvurcv*  uiiitHi  and  nnlunKitt  dUlliij^utshaUea*  niali:nn>il  futualo.  XVI.  the  Duulciurif  ibe 
K7(OM  (Undlng.  lu.VlVf  four  daugbter-uuclelara  formed— the  nuclei  of  ihcH'^^b''*''-  ioXVIIl 
0»e  foor  iporobUiO  btooioo  dUUtict.  ItavlDi  ■  imall  qaantllr  of  rctidual  protopU«m :  «acli  •pon>' 
biaM  bu  lOrtDed  a  mi^mbraue,  ttie  spuTocysi.  lu  XTX  wUbln  tiacb  oporocyst  ivo  sporoooitea  ban 
bMn  foond  aboni  a  tponil  roalctnum.  In  XX,  the  aporoaoltM  becomtnff  Ii'^o  by  bnnlinx  iho  ipon> 
cyan,  laui  out  tUroutcb  an  tt|«rLur«.  lu  Ilie  wall  ul  tUe  uui-yiit.  aiit)  are  ready  Ui  eiilin-  the  epithelial 
«eUa  of  tha  boat    (FTMnLanK) 
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chromatin.  The  micronucleus  also  varies  in  size  and  shape  but  is  vesic- 
ular in  structure,  with  the  chromatin  heaped  in  one  mass.  Division 
of  the  nuclei  takes  place  by  mitosis  in  the  case  of  the  micronuclei,  and 
by  amitosis,  as  a  rule,  in  the  case  of  the  macronuclei.  Under  unfavor- 
able conditions  the  ciliata  may  encyst. 

Conjugation  is  necessary  to  the  life  activity  of  these  oiganisms.  The 
phenomena  of  conjugation  in  the  ciliata  has  been  well  worked  out.  The 
micronuclei  play  the  most  important  part,  whereas  the  macronuclei 
simply  break  up  and  disappear  in  the  protoplasm. 

According  to  the  arrangement  of  the  cilia  the  ciliata  are  divided  into 
the  five  orders  given  in  the  general  classification.  Among  these  the 
second,  the  order  of  the  Heterotricha,  interests  us.  In  the  Hetero- 
tricha  the  cilia  are  uniform  over  most  of  the  body,  while  a  special- 
ized set  fused  into  a  series  of  firm  vibratoiy  plates  are  found  about 
the  mouth. 

Only  one  genus — the  Balantidium,  described  in  a  later  chapter — 
has  been  observed  in  man. 

A  description  is  also  given  of  various  protozoan-like  forms  found  in 
the  following  diseases :  smallpox,  cowpox,  and  related  diseases ;  scariet 
fever,  measles,  kala-azar,  and  hydrophobia. 


CHAPTER  XXXVIir. 
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Amceba  coli  (Losch). 

Several  varieties  of  omrebeL'  have  been  reported  as  m-curring  in 
die  human  intestines,  but  &s  the  full  cycle  of  no  one  of  them  has 
been  worked  out  it  is  possible  that  some  of  them  at  leaat  may  be 
stages  in  the  life  cycle  of  other  protozoa.  The  most  important  one 
among  these  varieties  is  that  observed  by  Lambl  in  1860,  and  more 
fully  described  by  l»i5fich  in  1875  as  amcrba  coli.  I.5sch  found  it  in  the 
stools  of  dysenteric  patients,  and  he  succeeded  in  producing,  experi- 
mentally, superficial  uUrrations  in  the  large  intestines  of  dogs.  He 
therefore  claimed  thai  this  organism  is  the  cause  of  dysenterj'. 

His  work  was  corroborated  by  many  observers,  the  organism  being 
also  found  pure  in  tropical  al>sces5  of  the  liver;  but  later  studies  have 
shown  that  this  parasite  docs  not  play  as  important  a  part  in  dysentery 
as  was  thought.  It  has  been  found  that  in  many  cases  of  dysentery  the 
amccba  coli  Ls  not  present,  that  the  same  or  similar  amopba?  are  present 
in  the  healthy  stools,  and  that  animal  experiments  are  not  satisfactory. 
Tliese  facts,  toother  with  thase  brought  out  by  the  recent  work  of 
Shiga,  Knise,  Flexner,  and  others,  on  bacillan,'  dysenterj",  have  demon- 
strated thai  tlifn-  are  at  IcilsI  two  furins  of  dvseiitcrv,  one  produced  by 
amuebee  and  the  other  by  bacilli,  ami  that  in  the  fornier  case,  among  a 
number  of  harmless  varieties  of  intestinal  amoeba',  one  or  two  only  are 
of  clinical  importance.  According  to  Shiga  the  difTerential  diagnosis 
between  the  two  varieties  of  dysentery  is  as  follows: 

In  amtt-bic  dysentery  (1)  the  disease  is  generally  chronic;  (2)  no 
dysenterj-  bacilli  are  found  in  the  feces;  (3>  there  are  not  present  any 
SCTere  toxic  symptoms,  such  as  fe\-er  (except  in  the  case  of  abscess  of 
the  liver),  weakness,  headache,  anoivxia,  rapiil  fmaciation.  henior- 
rhagrs.  etc.;  (4)  aljscess  of  the  liver  is  a  fa^tpieiit  sequela;  (•>)  the 
lesion  is  in  the  ciccum  and  descending  colon;  the  small  intestines  are 
not  affected. 

In  bacillary  dysenteiy*  the  finding  of  the  bacilli  ami  the  positive  results 
of  agglutination  tests,  together  with  the  clinical  symptoms  of  intoxica- 
tion, make  a  certain  diiignosts. 

At  present  we  may  group  the  patlw^nic  amtrhsc  under  one  head, 
calling  the  groups  amreha  coli;  though  Schandinn,  in  his  recent  work  on 
the  amcebfe  of  the  human  intestines,  has  given  quite  a  definite  descrip- 
tion of  two  varieties,  one  of  which  lie  calls  enlamoeba  coli  Liisch,  which 
is  a  liarmless  coniensal  in  the  human  intestines,  and  the  other  entamceba 
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hystolytica  Schaudinn,  which  c-orrcsponds  with  tlic  form  stmlied  by 
CouTK'ilmaii  and  Lufleur  and  bv  Jiir^^ns,  and  wliich  Ls  luifho^fiiic, 
producing  the  tnie  amrcbic  dysentery.  He  says  that  the  pathogrnic 
variety  ho^  a  more  definite  ectopliLsm  tli&n  Uie  non-patbogenic;  further- 
more,  tlint  its  nucleus  contains  less  chromatin,  tnakini;  it  more  diflictdt 
to  demouHlnile,  it  has  a  iimrc  vnrieil  furm  and  is  always  situateil  eti-en- 
tncally.  This  viirlety  iiicn-iLses  liy  divi-sion  into  two  ami  liy  Imdding, 
while  the  n on-pat Iiogenic  variety  incrvasea  hy  a  n-^nlar  division  into 
ci^ht  daughter  forms  (schizogony).  In  unfavorable  conditions  both 
varictir:;  may  pnxlucc  cyats. 

Morphology. — The  size  of  the  amoeba  ooli  is  given  variously  by  dif- 
fcrcril  authors  within  the  limits  of  7«  to  50^.  more  commonly  ]2.«  to  30/i. 
In  a  .%tate  of  ttii  it  assumes  a  spherical  shape  which  appt>ars  discoid 
under  the  microscope.  It  may  generally  be  distinguished  from  the  other 
cellular  eIi>meTit.s  found  in  the  feces  by  its  pnU-gre«nish  tint  and  by  iti 
stniiigiT  n-fniction  nf  light.  The  outline  of  tlie  body  onJinarily  appears 
as  a  thin,  single,  dark  line.    The  (wo  portions  of  the  Ixjdy,  the  inner,  or 
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entuplasiu,  which  is  more  or  less  granular  and  of  a  darker  color,  and 
the  outer,  or  ectoplasm,  which  is  homogeneous  and  of  a  lighter  color, 
cannot  always  be  made  out  and  are  more  evident  in  the  motile  than  ia 
tlie  n>.sting  amrrba. 

The  enttiplasni  constitutes  tlie  greater  |x>rtion  of  the  body  of  the 
iimieba.  In  the  smaller  fonns  it  is  finely  granular,  am)  may  show  wts 
other  struclun-.  In  i\\v  iargi-r  forms  it  is  more  coarsely  granular  and 
may  contain,  in  varying  numbers,  bacteria,  starch  bodies,  cell  detritus, 
and  nvl  and  white  blrnHJ  cells,  in  various  stagi^s  of  digt-slicm.  One  to 
several  vacuoles  have  been  seen  in  the  entoplasm,  but  only  l>ock  had 
Bpoken  of  their  infrequent  pulsation. 

'Hie  ectoplasm  forms  a  hyaline  zone  of  variable  thickness  about  tliv 
entoplasm.  It  has  iltc  appearance,  umler  the  microscojke,  of  finely 
ground  glass  of  a  distinctly  pule-giY^n  color.  It  seems  often  tu  pafts  out 
into  short,  irregular  psi-utJoptHJs. 

The  nucleus  uf  the  amieba  is  '2ft  to  7/<  in  diameter.  It  is  a  more 
or  less  spherical  \t'sicle-Hke  body  containing  a  dark,  chromatin  inner 
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body  which  is  connected  with  the  thick  nuclear  ineuibmne  by  a  pro- 
toplasmic network. 

It  is  not  always  ensy  to  detect  the  nucleus  in  fresh  or  motile  amcebfe, 
but  under  certain  conditions  in  inolionless  nr  dead  amtehie  it  becomes 
evulciit.    It  nuiy  In-  easily  shown  by  apiiropnute  staininp  reapents. 

Biological  Characters. — The  inu^t  striking  mid   chnruetenstto  feature 
of  the  aniceba  Is  its  motility.    This  may  consist  either  in  an  Hlienilion 
of  its  shape  or  in  an  actual  change  of  place.    Both  of  these  phennmena 
are  produced  through  the  mechanism  of  pscudopodta.     These  ktter 
are  rouniled,  blunt,  and  homogeneous  processes  formed  by  the  more 
or  less  gradual  protru.sioa  of  a  portion  of  the  ectoplasm  at  some  part 
of  the  periphery  of  the  amneba.    'llie  motion  'la  at  times  quite  gradual 
and  coj^tinuous,  at  others  suihlen  and    jerky.    The  progre.s.sive  move- 
ment, that  i.s,  actual  lofuriiotioii,  is  hmught  about  by  tin*  protni.sion  of 
jjsendopodia,  and  Into  these,  when  they  have  reacbeil  a  rertwiii  size, 
ihe  more  or  less  granular  and  vacuolated  entnpIjisTo,  with  it.s  t-ontenta, 
flows  with  a  more  rapid  movement  than  that  by  which  the  }>seudo- 
podia  themselves  were  formed.     Locomotion  is  generally  observed  to 
take  place  in  the  direction  of  lea.st  re-sistani-e.  a  group  of  cellular  ele- 
ments or  some  tletritus  being  sufficient  to  divert  the  course  of  the  ama-ba. 
jThe  amoeboid  movement';  are  also  influenced  liy  various  other  factors, 
irtioularly  by  variations  of  temiw-raturc.     'I'liey  are  most  active  at 
^the  mean  temperature  of  the  hunmn  botly,  becoming  less  active  as  the 
temperatuiv  fulls  or  rises  above  this  mean,  and  indeed  they  Iwcome  quite 
uiotinnless  in  a  tem|jerature  lower  than  7.')'*F.  Awonliiig  to  lions,  anifebee 
1      remain  alive  outside  of  the  body  for  not  more  than  twenty-four  hours. 
^h    Sexual  repnxliictiou  has  been  described  by  Sclmudinn  for  some  forms; 
^n>ut  the  usual  mt^^les  of  multiplication  are  by  .simple  division  and  by 
^fdivision  after  cyst  formation.    Attempts  to  cultivate  amo-ba;  outside  of 
^  tin*  iMxIy  have  Ijeen  unsuccessful  until   recently,  when   Musgrave  and 
Clegg  described  the  cultivation  of  pure  species  in  pure  cultures  of 
bacteria — the  "  pure  mixed  cultures  '   of  Krosch. 
^m      Animal  Experiments.- — It  isevlilent  that  in  theabsenceof  artificiultypro- 
^Pdueed  pure  cultures  of  amccbic.  iuoculatioii  cx|)enincnts  must  be  made 
with  nuiterial  such  us  dysenteric  stoolsor  the  contents  of  hcpatifabscfsses. 
In  a  few  coses  wlierc  material  has  been  obtained  from  hepatic  al>scesses 
which  have  been  found  to  contain  no  organisms  other  than  ama'bw,  the 
inoculations  have  been  marie  in  three  ways:  (1)  by  fce<ling  ainmaLs  with 
material  containing  the  aniceba?;  (2)  by  inoculation  into  the  small  intes- 
tines after  a  preliminary-  laparotomy;  and  {'.{)  by  rectal  injections  with  or 
without  suture  of  the  Jinal  orifice.    The  (iret  mcthcxi  has  always  proved 
unsuccessful,  except  when  encysted  forms  were  present.   To  the  seeond 
^^inethfxt  tlie  objectiun  has  been  raised  that  the  luatiipulation  of  tlu*  intes- 
^pines  and  the  use  of  antiseptic  solutions  (hiring  the  course  of  the  openi- 
I     tion  are  in  themselves  a  souitr  of  irritjitiou  to  the  bowel  and  in  some 
i      cases  ha^-e  produced  an  enteritis.     The  third  method  has  given,  though 
not  in  every  case  trieil,  positive  results  in  the  hands  of  LSsch,  Kruse, 
Lpasquale,  Jdrgens,  and  others.    In  the  successful  cases  the  lesions  found 
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were  reddening  and  swelling  of  the  intestinal  mucosa,  chiefly  of  the 
lower  half  of  the  large  bowel,  with  here  and  tliere  ecchvmoseji,  small 
superficial  areas  of  necnwis,  and  shallow  ulcerations.  The  mesenteric 
glands  and  the  solitary  lymphoid  follicles  were  often  swollen.  In  the 
blood-tinged  mucus  covering  the  mucous  membranes  amo»b(e  were 
found  in  greater  or  less  numWrs.  Microscopic  examinatioiiN  showed 
tliut  ttie  necrosis  was  limited  as  a  rule  to  the  mucasa,  and  that  beneath 
it  theuuhiuucosa  was  thickened  and  u^iematous  and  its  vessels  engorged ; 
there  was  also  small-celled  infiltration.  Amcebce  were  found  in  the 
borders  of  the  ulcers,  chiefly  in  the  follicles  of  Licberktlhn;  in  the  base 
of  the  ulcers  they  rarely  penetrated  more  deeply  than  the  upper  layers 
of  the  submucosa.  With  the  amoebic  were  found  manv  bacteria,  chteflv 
streptococci. 

Concerning  the  source  of  tlie  amocbfie  and  the  mode  of  infection  little 
can  be  positively  stated.     It  is  reasonable  to  suppose,  however,  that 
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the  mouth  must  be  the  usual  path  of  infection,  and  that  the  amcebc 
in  all  jtrohability  are  taken  in  with  the  drinking-water  and  with  un- 
CiKiked  vf^lables. 

Methods  of  Examination. — The  stools  must  be  examined  in  as  fresh 
a  rendition  as  pustiible.  'ilw  blfHjdy  masses  of  nineu.s  anil  the  material 
about  tliem  should  be  chosen  to  be  examined.  It  may  be  necessary  to 
tliiiL  the  particles  exaniineil  with  physlolngieal  salt  solution.  The  warra 
stage  should  be  used  and  the  covcr-^'lass  should  be  supported  by  small 
feet  of  scaling  wax.  The  collected  material  shoukl  be  kept  at  body 
temperature  until  time  of  examination. 

For  permanent  preparations  J&ger  especially  recommends  the  fol- 
lowiug  method;  For  a  fixative  a  concentrated  watery  solution  of  sub- 
limate 100  C.C.,  absolute  alculml  50  c.c,  acetic  acid  5  ilrops.  After 
a  few  minutes'  fixation  wash  carefully  with  iudine-alcohol,  then  stain 
with  Grenaclier's  hiematoxylin  ten  minutes,  afti*rward  wash  with  water 
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until  no  more  blue  stain  comes  from  the  specimen,  then  stain  with  1 
per  cent,  eosin.  The  nuclei  of  the  leukocytes  are  stained  blue,  while 
those  of  the  amoebae  are  stained  red. 

Mallory  and  Wright  recommended  the  following  method  for  sections 
containing  amoeba  coli:  1.  Harden  in  alcohol.  2.  Stain  sections  in  a 
saturated  aqueous  solution  of  thionin  three  to  five  minutes.  3.  Differ- 
entiate in  a  2  per  cent,  aqueous  solution  of  oxalic  acid  for  one-half  to 
one  minute.  4.  Wash  in  water.  5.  Dehydrate  in  alcohol.  6.  Clear 
in  oleum  origani  cretici.    7.  Wash  off  with  xylol.    8.  Xylol  balsam. 

AmcebsB  in  Diseases  Other  than  Dysentery. — Kartulis  reported  finding 
a  targe  motile  amoeba  (30/i  to  38/:t)  in  an  abscess  of  the  lower  jaw  of  an 
Arabian.  Flexner  also  observed  a  similar  case  in  a  sixty-two-year-old 
man.  Baelz  found  a  very  large  amoeba  in  the  bloo<ly  urine  and  in  the 
vagina  of  a  twenty-three-year-old  Japanese  who  was  suffering  from 
tuberculosis  of  the  lung.  Jiirgens,  Kartulis,  and  Posner  also  reported 
finding  similar  amoebee  in  cases  of  cystitis  and  bloody  urine. 

In  the  ascitic  fluid  of  a  man  who  had  carcinoma  of  the  stomach 
Leyden  found  motile  cellular  elements  which  Schaudinn  pronounced 
independent  organisms  belonging  to  the  rhizopoda  licydenia  gem- 
mipara  (Schaudinn),  Fig.  145.  Similar  organisms  were  found  in  the 
ascitic  fluid  of  a  girl  who  had  an  abdominal  tumor.  The  organisms 
remained  motile  in  the  ascitic  fluid  seven  days  after  its  removal.  The 
onanism  possesses  a  pulsating  vacuole  and  one  vesicular  nucleus;  it 
divides  directly  and  by  budding.  The  individuals  seem  readily  to  fuse 
(plastogamy).  The  pathological  significance  of  this  rhizopod  is  not 
clear. 
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TRYPANOSOMA. 

Subclass:  Fltif^'llalii. 

Order:  Protomoim<liiia. 

Genus:  Tn'iKiniJsoina/ 

The  ^nus  trypjinasoma  iiicltKles  blood  parasites  of  the  vertebral 
distinct ished  bv  a  somewhat  long  botly  more  or  less  spirally  twistril, 
one  to  several  Aagella,  an  undulating  membrane,  one  nucleus,  and  a 
"flagelhim  root."  'Hie  chief  fla^Ilum  is  direeled  forward, arising  from 
or  near  a  small,  more  or  less  roiindeil  alnicture,  the  "flngellunt  mot" 
(blepharoplHst),  situatwl  near  the  posterior  end  of  the  orjjiinisni.  Tlie 
nature  of  tlie  "flagelhim  mot"  is  still  a  mutter  nf  controversy.  Sonir 
consider  it  of  ibe  nature  of  a  cenlrosonie,  others,  of  that  of  a  niirn»- 
nucleus.  Schaudiiiii  calls  it  the  locomotor  nucleus,  and  says  it  products 
iindnlatory  membrane  aiul  flagclla.  If  secondary*  flagrlla  are  present 
they  are  jienenilly  directed  backward. 

'Hie  undulating  niendiranc  extemls  along  one  side  of  the  orpBntam 
from  the  "flagellura  root"  or  near  it  to  the  anterior  end  of  the  parasite, 
whence  it  continues  as  the  free  Hngellum.  It  varies  in  size  and  fulness 
acconling  to  age  and  species. 

The  nucleus  i.s  .sittiiileil  atiteriorly;  it  is  granular,  thick,  and  egg- 
shaped,  but  varies  somewhat  in  size  and  shape.  Tlie  cj-toplasm  is  homo* 
gcneous  or  granular,  varj-ing  with  age.  environment,  and  posslblv 
species.  The  life  cycle  is  not  well  known.  Multiplication  occurs  through 
longitudinal  division;  however,  MacNeal  states  that  the  division  is  not 
exactly  longicu<timil,  but  alwup  more  or  less  oblique  in  direction,  and 
that  the  flagellum  does  not  divide,  but  a  new  one  b  formed  in  each 
division.  Conjugation  has  been  obsene<l  in  tr^'panosoma  Bmcei  by 
Plimmer  and  Hmdfonl. 

Only  a  few  of  the  many  species  of  tn,panosonies  describeil  urr  |mi11io- 
genic,  and  these  princi|Milly  for  the  lower  animals,  though  retTntly  the 
organisms  have  several  limes  been  seen  in  human  beings,  accompanied 
or  not  by  pathological  changes.  Very  recently  Castellan!  statctl  that 
the  sleeping  sickness  of  the  negro  is  canseil  by  a  trypanosoine.  The 
work  of  Schaudinn  and  of  Novy  and  MacNeal  make  it  evi<lent  that  the 
spirochaetes  of  recurrent  fever  and  of  geese  belong  w  tlie  trypanosomes. 

The  rtrst  species  of  tr}-panosnnies  studied  with  any  degree  of  fulness  is 
the  contparatively  non-pathogenic  tr\i>anr»ioina  I^wisi,  Kent.  It  is  of 
interestbecau.seofil.^  similarity  to  tin-  more  pathogenic  form.';  and  because 
of  the  ease  with  which  it  umy  be  studieil.    It  is  parasitic  in  the  blood  of 
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the  blood  of  the  other  host  they  must  be  regarded  as  physlulugical 
vurieties. 

These  flagellatawere  prolwblyfirst  seen  in  the  blood  of  the  rat  in  1S45, 
but  they  were  not  well  tlescribc<l  until  IS79,  when  I#wis  siiidied  them 
more  fully.  Since  then  they  have  lieen  stui]ie<l  by  iiiHiiy  obsen'era, 
especially  by  Krmpner  ami  Habinowitjtrh,  Wasielewsk!  and  Senti, 
Jiirpeii^.  I^ivenm  aiifl  Mesnil.  nnti  Novy  and  ^^lu■XeaI. 

Morphology.— Their  length,  iiic-iudinj:  the  flajfi'llum.  Is  fmni  S/i  to30/i. 
their  ijreailth  '2/*  to  3/*.  The  body  Is  lance-shaped  and  shows  a  pro- 
toplasm finely  jfrai'ila''  in  the'  yonn|;  fomi,  more  coarsely  so  as  age 
increases.  The  single  flugelluiu  is  iilniost  as  lonpas  the  body  and  arises 
from  the  posterior  third  of  the  orpanlsm  in  or  near  a  small,  more  or  less 
oval  body,  the  liugelluni  root  (centrosonie.  micronucleiis  blepharoblast), 
which  during  ilivLsion  often  divides  first.  The  Hagelhim  continues  tap- 
wan]  as  the  thickened  etige  of  the  imdulating  membrane,  becoming 
free  at  the  anterior  end  of  tlie  Inxly.  The  large,  oval,  densely  reticular 
tnicleiis  lies  generally  in  the  atiterior  third  of  the  body.  No  contractile 
vacuoles    have    been    observed. 

Biology. — The  parasite  is  very  motile,  probably  more  so  than  any  other 
variety.  Its  motility  30un  ceases  outside  of  the  body,  continuing  longerin 
the  icc-l>ox  than  at  higher  temperatures.  Also  unless  kept  at  low  tem- 
peratures the  organism  dies  ver\'  quickly.  It  is  rather  diagnostic  of  it  that 
at  ice-box  tcmiierature  it  lives  longer  than  any  other  variety  of  trj-pano- 
some  studieil.  Ix»ng  after  the  organL-ims  have  lost  their  motility'and 
ability  to  stain  well,  antl  even  after  they  seem  to  have  broken  up  com- 
pletely, the  blood  containing  them  is  still  iiifectiuus  for  rats.  In  this 
coinieclioii  it  is  itileresting  to  note  tlmt  the  blond  of  infected  animals  in 
which  notrypanosoina  can  ItedeinonslriUcI  is  infectious  forfreshanimals. 

Kempner  and  RabinowiLsch  have  succectled  in  producing  active 
and  passive  imumuity.  The  blood  of  itnntunizett  animals  causes  agglu- 
tination of  the  tn-panosoiues  without  immobilization.  According  to 
I^avemn  ami  Mesnil  the  senun  [xis-sesses  no  lytic  pmpertie-s  for  the 
trypanosomea,  and  tliey  state  that  the  inoculation  of  such  serum  intra- 
peritoneally  with  active  trypanosomes  seems  simply  to  cause  an  increased 
power  of  the  phagoc\-tes  over  them,  whereas  MacNeal  states  that  the 
serum  does  jMjs.se.s.H  cytolyti<*  pro|>i-rlifs  for  the  parasites. 

Recently,  Novy  and  MacNeal  have  reported  the  artificial  cultivation 
of  the  rat  trypaiuisorue.  At  room  temiKrature  they  have  grown  the 
organism  through  eleven  culluj-e  generations  in  test-tuljes  for  an  entire 
year.  At  the  end  of  thb  tune  the  parasites  were  as  vindent  as  at  the 
begiimiiig.  The  culture  cuedium  used  in  their  work  was  ordinmry 
nutrient  agar  containing  variable  amounts  of  fresh  delibrinateil  or  laked 
rabbit  or  rat  blood.  The  best  results  were  obtaine<l  with  a  mixture  of 
two  parts  of  tlie  bloo<l  to  one  of  agar,  tliough  growth  was  obtained  on 
dilutioits  as  high  as  one  part  of  blood  to  ten  of  agar.  At  room  tein- 
penilnri'  the  growth  Is  .nIowci-  but  surer  than  in  the  thennostat.  The 
cultures  at  n.nnn  temperature  ivtain  tlieir  vitality  ftir  inontlis;  thus  iu 
inosomes  were  alive  after  three  handled  and  si 


I 


I 
I 

I 


It 


»*se  resiilLs  have  been  corroborated  by  Kenipner  and  Ualiinowitsch, 
Loveran  and  Mcsnil.  ami  bv  mirsi'Ives. 


Trypanosoma  Evansi  (Steel). 


The  next  trvpanosome  of  importance  stiidietl,  and  the  first  of  the 
more  pathogenic  trypanosomes,  is  tn'panoaoma  Kvansi.  Steel.  'J'his 
species  whs  tli-scovetx-d  b_v  Kvans  ir3  1S80  in  the  blooil  of  horses  suf- 
fering with  thedLsease  known  as  sitrm,  in  IikHa.  LingunJ's  important 
work  on  this  disease  in  VS93  ktl,  in  a  way,  to  all  the  suhseqnent  work 
on  diseases  caused  hy  tn"panosonies.  In  general  the  desenptions  given 
of  the  symplumatoio^y  of  trypanosomiasis  in  various  animals  show 
a  great  similarity,  though  there  is  ciuch  variation  in  indiviihial  cast's. 
In  a  i^'ell-estahlishcd  infection  the  rlinicnl  pietitrc  according  to  Mu3- 
grave  and  Clegg  is  as  follows:  After  an  incubation  period  which  varies 
in  the  same  class  of  animals  and  in  those  iif  ilifferert  species,  as  well  as 
with  the  conditions  of  infection,  and  during  which  the  animal  remains 
perfectly  well,  the  first  symptom  to  he  notieed  is  a  rise  nf  lempeTaiure; 
and  for  some  days  a  remittent  ur  intennittcni  fever  may  l>e  the  only 
evidence  of  illness.  I<uter  on  the  animal  becomes  somewhat  stupid ; 
watery,  catarrhal  discharges  from  the  nose  and  eyes  apix-ar;  the  Iiair 
becomes  roughened  and  falls  out  in  pinces.  Finally  the  catarrhal  dis- 
chaiges  become  mure  profuse  and  the  secretions  moiv  tenacious  and 
even  purulent;  marked  emaciation  develops;  tcdcma  of  the  genitals 
and  dependent  paria  appears;  a  staggering  gait,  particularly  of  the  hind 
parts,  comes  on,  and  is  followe<l  by  death.  There  may  be  various 
ecchjTnoses  and  skin  eniptioiis.  Pamsites  are  found  in  the  blood  more 
or  less  regularly  after  the  Hppeiirance  of  the  fever. 

'Hie  autop'iy  gtrnenitly  .shows  auH-mla,  an  etdarged  spleen  with  hy|M'r- 
trophied  follicles,  more  or  less  gelatinous  material  in  the  adipose  tissue, 
the  liver  slightly  enlarged,  a  sniiill  anioiinl  of  serous  exudate  in  serous 
cavities,  oedematous  condition,  and  .*<niall  hemorrhages  in  \-arious  tissues. 

Tlie  duration  varies  from  a  few  da\'s  to  many  months.  The  prognosis 
seems  to  be  influenced  to  a  certain  e.\tent  by  the  species  of  host.  It  is 
probably  always  fatal  in  horses.  Some  cattle  recowr.  The  cause  of 
death  is  passihly  a  toxic  snl>stnnre.  thnngh  no  definite  to.tin  has  been 
isolate<l.  Mechanical  di,stiirbaiu.-e.s  ('i'inhf)lt,  etc.)  also  pn>l«d)Iv  play  a 
part  in  pnKlucing  ileath.  The  hosts  of  tniianosonia  Kvansi  are  horses, 
mules,  cattle,  camels,  elephaiiLf,  lmlfuK*r's,  un[l,  acconling  to  ^fu-Sgrave 
and  Cle^,  rals.  After  e.xperiniental  inoculation  this  tr)']>an03ome  b 
infectious  for  dogs,  monkeys,  mbbils.  guinea-pigs,  mice,  and  cats. 
Man  seems  to  be  iunnune.  It  is  wiflioiil  doubt  tnmsmitted  from  animal 
to  animal  by  the  bites  of  in.sects  (tlies  and  fieas). 

IJesides  the  difren*n<Ts  in  virtilence,  the  tn-panosoma  Kvansi  is  dif- 
ferentiated morphologically  fmm  the  Irvpanosoma  I^ewisl  by  a  larger 
average  length  (20/^  to3()«  long  iind  Ifi  to  2fi  wide).  Il  differs  from 
the  trypanosoina  Tinicel  In  having  a  nmn-  pointwl  posterior  end.  Many 
authors,  howev-er,  consider  it  identical  with  the  latter  species. 
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Trypanosoma  Bnicei  (PUmmer  and  Bradford). 

The  tri'paiiowonm  Bnii-i-i  (Plinimt-r  ami  Bnnlfoni)  was  discovered 
by  Bruce  in  1S04  in  tin*  IjIocmI  of  horses  un<)  cattle  suffering  fruni  na^na 
in  Zuhilami  and  other  parts  of  Africa.  Bruce  denioiistroted  that  the 
contagion  was  causi^I  by  tlie  biti's  of  a  fly,  the  iUosiina  morxiians,  or 
tsetse-fly.  Since  then  other  varieties  of  flies  also  have  I?ecn  shown  to 
spread  the  dispose.  These  flies  bite  by  day  nml  in  full  nnxinlipht.  The 
infeetivity  of  tlie  inseof.s  la.sis  for  about  forly-4-igIit  hours  after  they  have 
bitten  a  sick  aninml.  Bruce  found  livinp  Irypunosomes  in  the  probosre<les 
of  the  flies  at  tlie  end  of  that  time.  Up  to  one  Imndred  and  eighteen  houra 
they  were  found  in  the  flies'  stomaclis,  but  after  one  humlred  and  forty 
hours  the  stomachs  were  empty  and  what  apjjcared  to  l)c  dead  para- 
sites were  found  in  the  excivtu.  No  development  in  the  fly  him  lieen 
ohsen-ed.  The  disease  is  chronic  cnouph  in  some  animals  to  account 
for  a  continuous  source  of  infection.  The  natural  hosts  of  tiiis  species 
are  horses,  cattle,  camels,  antelopes,  swine,  and  various  uild  animals. 
.According  to  I^veran  ami  Mesnil  all  mannnifera  are  susceptible  to 
trj'panasoma  Hrueei,  tliough  .sheep  anil  African  |^<iats  .seem  lo  be 
partial  excejilions.  Men  and  Iiinis  seem  to  I)e  iminuiK'.  Florses  and 
dogs  are  especially  susceptible.  The  incubation  time  in  natural  infec- 
tion is  not  more  than  nine  days.  The  course  and  duration  are  irregular, 
R8  in  otlier  trypanosoniatic  di'-seases. 

Novy  and  MacN'eal  have  been  successful  also  in  cultivating  the  try- 
panosouia  Bnicei  m  fitro,  though  it  is  much  monr  exacting  in  its  re- 
quirements than  is  the  tn,-panosoma  I^wisi.  The  same  methods  arc 
used,  but  the  blocxi  dilution  mu.st  not  be  less  than  two  parts  to  one  of 
nutrient  agar.  These  inve.sligatc)r>i  slate  that  the  cultural  characteristics 
are  such  as  to  enable  perfect  ilifi'erentiation  between  the  two  tni-pant^ 
somes.  For  in  their  cnltiir<\s  tlic  trypanosonui  Bnicei  have  characteristic 
granules,  the  trA'puno-soina  Lewisi  have  none;  the  (rv'|>ano8onia  Bnioei 
show  little  variation  in  size  fl5/'  to  17//  in  length),  the  trypanosoma 
IjCwisi  vary  so  much  (\/i  to  ^\Ofl  long)  that  there  are  forms  small  enough 
to  pass  a  Berkefeltl  filter;  the  trypanosoma  Brucei  lias  a  slow,  wriggling 
motion,  the  trypanosoma  Lewisi  moves  with  great  rapidity  and  in  an 
almost  straight  line;  and  linally  the  trv-|}anosonia  Bnicei  form  small, 
irregiilar  colonies,  while  the  trypanosoma  I*wisi  form  large  symmetri- 
cji\  ones. 

Tlie  (piestion  as  to  the  iilentity  of  the  Irypanosoina  Bnicei  with  other 
of  the  more  |>alliogenic  tr^-panosoincs  has  not  yet  been  de<:'ide<l. 

So  far  it  has  not  been  possible  to  immunise  the  more  susceptible 
animals  against  this  species  of  frypanosonie.  Sheep,  goats,  and  cattle 
are  less  sustrptible  and  in  their  case  recovery  from  the  disease  protects 
against  sultsequent  inoculution. 

Novy  and  MacNeal  state  that  older  cultures  of  tiypanosoma 
Bnicei,  especially  those  exposed  to  a  temperature  of  34*  v.,  become 
less  virulent  and  eventually,  though  living,  fail  to  infect  animab.  and 
they  think  that  repeated  injections  of  these  attenuated  cultures  may 
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impart  inuiiunit;^',  and  that  in  this  way  it  may  be  possibk  to  secure  pro- 
tection against  tlie  ravages  of  ii8g:uiia. 

In  1896  Roupet  discovered  a  trypanosome  in  the  blood  of  bleeding 
equinps  in  Algiers  and  South  Africa  atTcfttMl  by  thr  disease  called 
Doiirine.  Some  authors  think  this  diseiise  is  identical  with  naRana 
and  surra,  but  the  fad  that  it  hfus  been  impassihle  to  infect  catllc  with 
tlie  blood  of  the  sick  equine  point  to  its  l>eiiig  a  distinct  disease.  The 
try|)anosomn  is  called  trypanasonia  equipcnlum  or  tn-panosoma  Itougeti. 

RfCftitly,  uial  dc  eaderas,  a  disease  of  horses,  asses,  and  nmles  in 
Smooth  Africa,  having  the  general  characteristics  of  Irypanusomiasis, 
has  Ijct-'u  sJiown  hy  Voges  to  be  due  to  tmmnosonics.  He  called 
this  organism  tri'panosoma  equinum,  and  believes  it  to  be  a  dis- 
tinct species,  resembling  more  closely  the  tr^'panosoma  licwiai.  He 
considers  cattle  immune. 

In  1902  I_4iveran  described  a  variety  of  Ir\^annsonie  founri  by  'llieiler 
to  produce  disease  in  ruminants  of  the  Transvaal.  According  to 
Laveran  ami  Mesnil  it  is  characterized  by  having  the  "flagellum  root" 
neJir  the  centre  of  the  parasite,  near  anil  sometimes  united  to  the  nucleus. 
This  variety  hn.^  Ix-eii  named  tiypanosonia  Transvaaliense,  while 
another  variety  found  in  cattle  of  South  ^Urica  by  Tlieiler,  and  pro- 
nounced by  Laveran  and  Mejjnil  to  be  a  distinct  species,  was  named" 
trypanosoiua  Theileri. 

Tr)i>anosomes  have  been  found  in  the  blood  of  apparently  normal 
frogs,  fishes,  birds,  guinea-pigs,  rabbits,  and  bats.  No  relationship  has 
been  shown  to  exist  between  thc-se  non-pall logeuic  forms  and  those 
causing  disease  in  the  liigher  animals. 

Trypanosomes  in  Man. 

In  1S9K  Ne})vieu  reported  having  ffiund  trypaimsomes  in  the  blofx]  of 
6  out  of  more  than  200  cases  examined  for  malarial  organisms.  In  all 
of  tlie-sc  eases  midariul  organisms  too  were  found,  and  no  symptoms  ehar- 
aoteris tic  of  the  invasion  of  trj'panosomes  were  observed.  Nepvieu  found 
flagellates  in  a  seventh  case  which  was  apparently  in  goo<l  healtli. 

Tlie  eightli  case  is  reported  by  Dnttoii  in  UK)1.  This  case  wils  a 
European  who  had  live<l  some  years  in  \VesI  Africa.  The  principal 
symptoms  were  gmdual  wasting  and  weakness;  irregular  temperature, 
never  verj*  high  and  of  a  relapsing  tyiM";  locjil  a-demas,  congested  areas 
of  the  skin,  enlargement  of  the  spleen,  and  constant  increased  frequency 
of  puLse  and  respiration.  It  ender]  fatally  after  one  year  and  eight 
months.  The  chn>nic  character  wjis  repeated  in  aninmLs.  Some  white 
rats  were  refractor,';  others  dietl  in  two  to  three  months.  In  monkeys 
(Afacacus  rhAfus)  it  was  fatal  in  about  twti  months.  Hogs  were  un- 
iifTecte^l.  This  trypamxsome  Is  distinetly  smaller  than  the  other  species 
dcscrilwd.  and  there  is  little  doubt  of  it  Ix'iiig  a  distinct  species.  I  'iitton 
also  found  tr^-punosomes  in  the  blood  of  1  out  of  150  apparently  healthy 
Gambian  children  examine^]  by  him. 

The  tenth  case  is  published  by  Manson  in  1902.    This  was  a  mis- 
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sionary's  wife  who  had  resided  on  ihe  Upper  Congo  for  a  war.  She 
presented  the  same  group  of  symptoms  as  Dutton's  rase,  and  after 
repealed  e\ainina(ions  In'panosomeS  weru  found  in  her  blood.  Mansrni 
soon  after  puMLshed  n  siniiSar  ras**.  Hmeden  has  putilLsheil  2  inoi* 
casfs  and  ivwntlv  Hakfr  hiis  reported  3  cases  amoii^  hnnian  liciiip;, 

Of  these  16  cases  of  trjpanosoniiusb  in  man,  2  were  apparent!/ 
healthy  persons,  6  had  malariKl  fe\'er  as  well,  and  8  were  such  w 
showed  elinicat  symptoms  apparently  entirely  due  to  the  infection  with 
trypanosomes. 

Quite  rerently  Caslellani  has  stateil  that  the  cause  of  sleeping  sick- 
ness of  ihc  negro  is  a  tr^-panosome.  He  found  irypanosomcs  in  the 
centrifugali/«d  cerelirDspiiial  fluid  of  20  out  of  HI  cases  of  this  diseaae. 
His  work  has  l^een  ivirnihurHtefl  liy  Unicv,  Nahamj.  Givigand  itlliers. 
Bruce  found  lr.panosonies  in  the  Hiiid  Dhlained  by  luaihar  ])uncturp  in 
all  of  the  .'W  easi-.s  examined  and  in  12  out  uf  13  cases  in  llu*  blood.  The 
tr^'panosumcs  found  in  these  cases  n*semhle  those  found  iu  other  human 
beings,  and  probably  belon;;  to  the  same  species.  Laverari  and  Mesnll 
recommend  the  names  tn-panosoma  (iambiense  Uutton  for  the  para- 
site ami  human  trypanosomiasis  for  the  disease. 

Sleeping sickne.<w,  or  human  trypanosomiasis,  is  a  disease  of  thp  negro, 
endemic  in  certain  regions  of  etjuatorial  Africa.  Neither  age  nor  sex 
are  predispasing  factore,  but  €M-cupalion  and  social  position  seem  to 
have  a  mnrki-d  influt'iice,  tlie  great  majority  of  Uie  cases  m-curririg 
amung  very  pour  fielil  workers.  As  these  workers  are  all  negroes,  the 
question  of  tlic  iufluenct  of  race  cannot  1h'  dctcrmiiie<l.  The  wliite 
race,  however,  is  not  immune,  as  has  been  shown  by  Ihe  cases  quoted 
above. 

In  place.s  where  most  of  the  cases  occur,  a  fly  lielonging  to  tlie  species 
gla'isina  (Glossina  paipatis)  is  very  abundant;  in  places  where  this  Hy 
is  not  found  no  ciises  occur.  Hence,  it  \s  highly  probable  that,  as  in 
the  trj-panosomiasis  of  the  lower  animals,  tlie  contagion  Is  .spread  by  a 
biting    insect. 

Bymptonu.  -The  course  of  the  di.sea.se  is  very  insidious,  as  the  trj'- 
pUTio'^uuies  n)uy  exist  in  tlie  bltvod  fur  a  long  titne  before  entering  and 
growing  in  tlic  cerebrospinal  fluid  and  causing  the  characteristic  symp- 
toms of  sleeping  sickness.  Therefore,  the  symptoms  may  l)e  divided 
into  two  stages.  In  the  first  stage  there  b  only  an  irregular  fever.  Id 
ihe  second  slage  Ihe  fever  l)ecome.s  hectic,  the  pulse  is  constantly  in- 
creiLsed;  llieit*  are  neundgir  [Miins,  partial  irdemas  and  ert'lhemas, 
trembling  of  the  muscles,  gradually  increasing  weakneas,  emaciation, 
and  letluirgy.  The  .somnolence  increa-ses  until  a  comatose  con<lition  U 
develo|X'tl  and  death  otvurs.  In  the  sectmd  stagi*  (rjimnosomcs  are 
always  found  in  iIk'  cert'bm^fiirial  fluid.  Throughout  the  dwease  tbey 
an-  usually  found  in  ^mall  numbers  in  the  IjIoihI. 

Duration. — The  Krst  sUige  may  last  for  several  years;  the  second, 
from  fuur  to  ciglit  montlis.  'Vhe  percentage  of  deatlis  in  cases  reaching 
the  second  stage  Ls  KH).  Whether  some  in  tlie  tirst  stage  recover  is  not 
yet  certain. 
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The  trypanosornH  Gamhicnse  is  irregularly  pathogenic  for  some 
monkeys  (Macacxa  rhesiu  and  others),  for  dogs,  cats,  anti  rats.  It  is 
less  pBlhojjenic  for  mice,  jjiilnea-pigs,  rabbits,  and  horses.  Cattle  and 
swine  seem  to  be  refractor)'. 

Patholo^cal  Anatomy. — C'ongestton  of  the  meninges;  increased  quan- 
tity of  cerebrospinal  fluid;  hypertrophy  of  spleen,  liver,  and  l)Tnphatic 
,      ganglia. 

I  Methods  of  Examination.     Dr.non.^Tf  the  direot  eviumiiintion  of  the 

'  bliK)»l  is  negative,  HI  c.c.  shonUi  be  wifhdrawn  from  a  vein,  and  after 
wklingo  tentli  of  its  volume  of  citrate  of  stwlium  it  .should  iMrentrifnged 
for  ten  miimte.s,and  the  sediment  examined  in  hanging  drop  and  in  stneur. 
CKKKBito.spiXAL  Flvid.— Ten  c.c.  of  the  Huid  withdrawn  by  liimbar 
puncture  should  be  certriFiiged  for  Hfteen  minutes  and  the  ileposit 
should  be  examined  under  150  to  200  diameter  magnification.  Inocu- 
lation of  susceptible  animals  should  also  be  made  with  the  blood  or 
cerebrospinal  fluifl  from  (he  siispecleii  ca.se. 
I  Set  far  Musgnive  and  Clegg.  after  manv  careful  examina)ion.s,  have 

^BlAt  found  trypannsi»uiit  iii  kuv  hniiian  licitigs  in  the  Philippines. 
^^    Diignotis  of  Trypanosomiasis  in  Qeneral. — ^This  should  Ite  made  as 
^BeBrly  as  possible  in  order  to  prevent  the  spread  of  the  disease.     An 
^'early  positive  diagnosis  can  only  he  made  by  the  delcnniiiation  of  the 
blood  infection.    This  Is  done  in  two  ways:  first,  by  the  microscopic 
examination  of  a  lumping  drop  of  freshly  drawn  blow!;  second,  by 
animal  inoculation.     In  the  microscopic  examination  it  may  be  iiece.s- 
saiy  to  examine  the  b]oo<i  of  the  suspecterl  animal  for  several  days  in 
^^uecession.    The  panusites  are  rarely  a[)sent  in  the  early  .stages  in  domes- 
^■tic  animals  for  more  than  a  few  ilnys  at  a  lime,  while  in  man  the  lime 
^      may  l>e  much  longer.     If  the  try'j>anosome3  cannot  be  found  by  this 
methml,   animal   ex|aTiincnt   should    always   b*'    nuidc.      Monkeys,   if 
possible,  should  be  used,  or  if  nionkej-s  cannot  i»e  obtained,  dogs  or  rats 
may  be  used.     A  few  drops  to  1  c.c.  of  the  blooti  from  the  susjwcted 
animal  sliould  Iw  inoculated  infra|>eritoneally  or  subcutaneously. 

Blowl  smears  may  be  stained  by  any  maiification  of  the  Homanowsky 
method. 

Propbyl&xis  against  Animal  Trypanosomiasis. — The  di.sea.se  i.s  readily 
controlled  by  preventive  ineasuivs.  There  shoulrl  be  strict  quarantine 
regidations  governing  the  im[>ortati{)n  of  aninials.  When  theili.sea.se  has 
once  ai>i«'ape<l  the  following  general  nieasun's  slumlc]  be  taken:  I.  Siis- 
jiected  animals  should  i)e  isolated.  2.  .\I1  infecte<l  animals  should  \yc 
destroye<l.  3.  i\s  far  as  possible  all  biting  insects  should  Ix-  destroyed. 
4.  The  borlies  of  infecteil  animals  should  l)e  protected  from  biting 
insects  for  at  least  twenty-four  hours  after  death.  5.  Susceptible  ani- 
mals .should  if  ]H>sstble  l)e  made  iunnune.  * 
I  Treatment. — ]\Iany  drugs  liave  been  trie*!  without  success.  Arsenic 
in  variotis  forms  has  been  found  to  prolong  life,  hut  has  produced  no 
cures.  It  is,  therefore,  not  to  be  n^connni'iided  for  the  tower  animals. 
Hecenlly,  Ehrlich  and  Shiga  have  found  that  a  certain  red  proiJuct  of 
the  benzopurpurine  series,  to  which  they  have  given  the  name  "trypan- 
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roth,"  has  a  pre^Tntwe  and  curative  effect  in  mice  infectet^l  witli  mal  d* 
cadera».  The  curative  effect  is  csperially  marked.  As  late  as  three  days 
after  iiifcL-tiuii  with  the  trypaiiusuiiic  cures  are  effected.  Ijuisimich  as 
the  "  trypanroth"  Is  nnn- poisonous  for  the  ttypanosonie  m  vitro,  Ehriich 
and  Shi^  suppose  that  a  toxic  sul>stanc!e  is  fomied  in  the  niiee.  The 
preventive  effect  of  the  tn,-panroth  soon  pusses  off,  allowing  the  mice  to 
become  infected  with  trypanosoincs  two  to  three  <la)*s  after  a  preveiilive 
inoculation.  <.)i]  other  tr}i)aiiasome.<i  and  in  other  animals  the  results 
arc  not  so  good.  Alternating  arsenic  and  "tnpanroth"  may  give 
better  r&siilb*. 

Serum  Therapy. — Various  nuniial  sera  from  different  animals  have  hieen 
tried,  with  practically  no  .success.  A  few  have  prolonged  life.  Thus 
I^vemri  and  ^fesnll  state  that  human  serum  injected  in  sufficient 
(]uiin(ities  shows  manifest  action  on  the  disease,  and  that  sometimes 
cure  results  in  mice  and  nits.  Further,  by  alternating  Innnan  serum 
with  arsenic  they  obtained  better  re.sults  still.  Kanthack,  Durham,  and 
Itlandford  showed  that  animals  recovering  from  trypanosoma  infection 
were  immune  to  further  infection.  Rabintiwitsch  and  Kempuer  have 
made  a  very  cjireful  study  of  immune  seniin  jircxlucei!  by  the  trypano- 
soma I>ewisi.  Not  only  have  they  shown  that  an  animal  may  be  hyjier- 
iitimniiizcd  inifl  tliat  then  its  serum  in  e4>iiiparatively  targe  doses  inotni- 
lated  into  mice  at  the  same  time  as  the  trypanosomes,  or  twenty-four 
houis  before  or  after,  allows  no  development  of  the  organisms;  but 
also  T^vcran  and  Mesnil  state  tluit  the  serum  causes  their  rapid 
destruction  by  the  leukocyte.<(.  though  MacNeal,  on  the  other  hand, 
states  that  they  are  <lestroyed  by  a  cytolytic  action  of  the  serum.  'Iliis 
immntie  Rennn  also  ha.s  a  similar  aetiitn  on  the  tr^'panosoma  of  l.)ourioe. 
I'he  senim  of  animals  h\'j)erimmunized  against  other  varieties  of  try- 
panasoma  la  not  a.s  aetive  as  that  obtained  by  the  inoculation  of 
trypaniMoma  Lewisi,  mat  tie  cmleras  giving  the  Ijest  rvsidts  so  far,  but 
results  that  are  not  encouraging  for  practical  treatment. 

Koch  suggesteil  that  au  immunity  might  be  establLshetl  by  the  inocu- 
lation of  attenuated  parasites,  and  Novy  and  MacNeal  have  succeeded 
in  attenuating  cultures  of  trypanosoma  Brucei,  and  have  obtained  some 
success  in  protecting  experimental  animals  against  virulent  cutuics. 


Spiiochsete  Obenneieri  (Spinlluin  of  Relapsing  Fever). 


Until  very  recently  tliis  organism  was  classed  with  the  iMtcteriu,  but 
it  is  now  placed  by  Schaudinn  and  others  %\*ith  the  flagellates,  us  it  his 
many  of  the  eharacteristics  of  the  trypanosomes. 

i  This  spirochiete  was  first  observed  by  Obermeier  in  1873  in  tlie 
blood  of  persons  suffering  from  relaj)sing  fever.  It  was  found  in  lBt;ge 
numbers  during  the  height  of  the  fever,  it  disap]>eared  about  the  lime 
of  the  crisis,  and  reappeared  during  the  relapses.  It  was  not  found  in 
other  diseases.  Obermeier  considered  it  the  cause  of  the  disease,  and 
his  views  were  shown  to  Ire  correct  by  the  production  of  the  disease  id 
man  and  ape  through  experimental  inoculation. 
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Morphology. — The  organisms  are  long,  slender,  flexible,  spiral  or 
wavy  filarnuut'i  with  [Kiinlfd  i-nds,  from  IG/'  to  40/'  in  li'iigth  and 
from  one-quarter  to  one-third  the  thickness  of  the  cholera  spirillum 
fFig.  148).  Tliey  stain  somewhat  faintly  with  watery  solutions  of  the 
basic  aniline  dyes,  better  with  Loeffler's  or  Kuhnc's  methylene-bUie 
soUitioiis.  or  with  carhol  fuchsin;  best  with  tht'  Homancjwsky  method 
or  its  modifications.    Tliey  do  not  stain  by  (iram's  method. 

Biological  Oharactan. — In  fresh  preparations  from  the  blood  the 
spin>cha'tes  exhibit  nctive  progressive  movements  uccompunied  by 
very  rapid  mlation  in  the  long  axis  of  tlie  spiral  filaments  or  by  undu- 
lating movement's.  They  are  found  only  in  the  blood  or  blooti  organs, 
never  in  (he  secretions,  and  only  during  the  fever,  not  in  the  intermia- 
sioos.  or  at  most  singly  at  the  begin- 
ning of  or  for  a  short  time  after  an 
attack. 

When  kept  in  blood  serum  or  a  0.6 
per  cent,  .solution  of  .sodium  chloride 
tliey  continue  to  i^xhlbit  active  move- 
ments for  a  considerable  time.  They 
may  Ik*  preservi-il  alive  and  active  for 
many  days  in  sealed  tubes.  They  are 
MUed  quickly  at  60°  C,  but  they  re- 
main alive  fur  some  time  at  0*  C. 
ElTorts  to  cultivate  them  in  artificial 
culture  media  have  thus  far  been 
unsuccessful,  although  Koeli  htm  ob- 
served an  increase  in  the  length  of  the 
spirilla  and  the  formation  of  it  tangh^d 
mass  of  filaments.     But   now  with   the 

cultivation  of  frypanosomes  in  vitro  by  Novy  and  MacNeal  successful, 
one  nmy  hope  for  similar  results  with  tlie  spirocha;te  Obcrmeicri. 

Pathogeneiis.^n  man,  whether  the  disease  is  acquired  natumllj 
or  by  artificial  inoculation,  the  organism  causes  the  following  symp- 
toms: After  a  short  period  of  incubation  (he  temperature  ri.ses  rapidly, 
remains  high  for  five  to  seven  days,  and  then  returns  to  normal  by 
cri.tis.  .A,bout  seven  days  later  there  is  another  sudden  rise  of  tem- 
perature, but  this  time  the  crisis  occurs  sooner.  A  second  or  third 
relapse  may  occur.  The  organisnts  increixse  in  numbers  rapidly  in 
the  blood  fmiii  the  beginning  of  the  fever,  large  nnmliers  often  being 
found  in  every  microscopic  field.  They  begin  to  disappear  a  short 
time  before  tlie  crisis,  and  immediately  after  ihe  ciisis  it  is  practically 
impossible  to  find  them  in  the  circulating  blood.  The  mortality  varies 
in  different  epidemics  fi"om  2  to  10  per  cent.  When  monkeys  are 
inoculated  with  human  blood  containing  the  spirilla  they  become 
sick  about  three  and  a  half  days  later,  but  show  only  the  initial  febrile 
attack,  or,  at  the  most,  ati  uccisional  short  relapse.  The  organisms 
are  found  to  have  the  same  relation  to  the  pyrexial  period  as  in  man. 
Blood  from  one  anjnml  taken  during  the  fever  induces  a  similar  febrile 
paroxysm  when  inoculated  into  another  animal. 
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MctclinikofT  sliowcd  that  during  the  tntermissions  when  the  spiriiU 
disap|>eared  from  ihe  circulating-  blood  they  accumulated  in  the  spleen 
and  were  ingested  in  large  numbers  by  certain  phagocytes  and  finally 
were  destroyed. 

Aocording  (n  Lnntli  a  oertflin  amount  of  inimiitiity  is  ronfeireii  upon 
monkeys  (Mncavna  radiatua)  soun  after  an  attack,  but  il  disappears 
quickly.  Tf  tlie  senini  is  removed  during  this  time  it  is  fotuid  to  liave 
some  pnjtective  ndion  when  niixwl  with  the  bliwd  containing  spirlllii-, 
and  also  to  cause  agglutination  of  tlie  organisms. 

Infection  probably  occurs  through  the  bite  of  blood-sucking  inseds- 

Dutton  showe<l  (1905)  that  tick  fever  of  the  Congo,  which  is  cauj»ed 
by  an  organism  similar  to  that  causing  relapsing  fever  elsewhere,  can 
be  transferreil  to  monkeys  by  the  bites  of  young  ticks  at  their  first  feed 
after  hatching  fn>ni  infected  parents,  lie  accidentally  denionstratM 
tlie  fact  that  the  di.sca-sc  can  Ih-  inocnlated  into  human  l}eings  through 
a  cut  surface^  for  after  a  wound  rcc-civeil  at  autopsy  he  develo|»ed  the 
disease  which  eventually  canseil  his  death. 

Spirilla  similar  to  the  spirochiete  Obenneieri  have  beeii  found  in 
biras. 

Spirocbffite  Pallida  Schaudimi  in  Syphilis. 

The  first  two  papers  by  Sdiaudinu  and  Hoffmann'  appeared  almost 
siroultaDeously.  The  pa|>er  in  the  former  publication  was  illustmted 
witli  two  photomicrographs,  showing  the  form  of  the  urganisui.  ITicsc 
papers  were  quickly  followe«l  by  two  communications  from  Metchni- 
Kotf's'  laljoratoF}'  in  the  Pasteur  Institute,  confirming  and  accepting 
the  discovery,  and  drawing  attention  to  the  interesting  fact  tliat  Bordei 
ami  (lengfiu  had  observed  thu  same  iiiicn>-orgimism  in  u  syphilitic 
chancre  some  three  years  before.  However,  as  they  failed  to  discover 
it  in  some  syphilitic  lesions  which  they  subsequently  studied  they 
abandoned  any  future  search  for  it.  In  this  countrj-  the  results  of  tlie 
above  investigitors  have  been  corroborated  by  Flexucr  and  Kwing. 

The  first  publication  of  Hoffmann  and  Schaudian  dealt  with  a  study 
of  primary  chancres,  the  enlarged  glands  of  the  groin  attending  tliese 
leiions,  and  flat  condylomata  in  syphilitic  patients.  The  study  con- 
sisletl  ill  tlie  examinaticni  of  fresh  specimens  obtaineil  from  the  surface 
and  interior  of  the  primary'  lesions  and  the  interior  of  lymph  glandit 
and  condylomata,  and  stained  specimens  from  tlicsame  sources.  Certain 
control  examinaliciris  were  also  made  of  non-syphilitic  lesions  of  the 
genitals  and  of  mixed  lesions  of  these  parts.  The  i-esults  were  quite 
unifortn  and  suggestive.  From  the  cases  of  simple  syphilitic  infecUon 
the  Ijkiuph  glands,  condylomata,  and  interior  of  chancres  slio\«*ed  ■ 
variable  number  of  spiral  micro-organisms  of  great  tenuitv,  for  whidt 
\hfy  pro{)ose  tentatively  the  name  spirochffite  pallida,  while  the  oon- 

*  AiMUn  AuadcBiKidHiUclMnOMuadtidUftnie,  Beriiti,  April  to.  IfU,  util.;  ZwoJu'i  R«A,  107 1 
IMUIMlM  DMdUlntelM  WoOtlMMObnn,  UKJ  1.  1KB,  XUl.  p.  TU . 

■  UelcbnlknB'uid  Hoiu,  ItoollorelMi  fotomblnlaeliiuvt  lur  m  ■:rt>l>Uls.  BullvUu  da  I' Aaul*aU«  i 
nMe«lfi«.  e«r1t.  )(«y  IS,  1K&. 
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specific  lesions  showed  a  second  spiral  raicroHargnni^m,  for  which  they 
propase  the  uameof  spirochaete  refrin^ten.s  (  Ki;;.  149).  The  latter  organ- 
ism hiui,  doubtless,  been  seen  and  described  before  by  several  obseiTers. 
Schaudinn  and  Hoffmann  did  not  find  the  fii-st  .spiroclui-'te  in  non- 
syiihiliiic  lesinns,  nor  did  ihfv  find  ihe  second  in  (he  interior  of  the 
syphilitic  lesions  studied  by  them.  From  the  study  of  Schaudinn  and 
Hoffmann  it  is  not  diftiniU  to  explain  (he  faihireof  pteviousinvcsligalors 
to  perceive  spirocha'te  pallida  und  especially  the  failure  of  Bordet  and 
(iengou  to  obtain  it  in  all  of  the  several  ca«?s  studied  by  them.  The 
or^msiu  is  difBcult  to  see  in  (he  fresh  state,  and  it  is  also  highly  refrac- 
tory to  staining,  so  that  special  methods  are  recjiiired  to  deinonstrate 
it  in  fLxed  preparations.  The  description  of  the  organism  is  as  follows: 
In  the  length  the  spiroeiift'ie  varies  from  A/t  to  \0/i,  (he  average  l»eing 
7.«;  ill  width  the  variation  is  from  nnniettsLir- 
ahle  thinness  tn  ^/i.  The  nutnlK^r  of  bends 
is  from  3  lo  12.  Ilie  organism  agrees  in 
mntilily  with  the  spirochictes  rather  than 
with  the  spirilla;  ihere  are  three  character- 
istic movenienLs:  rotation  on  the  long  axis, 
forward  and  l>ackwar<l  motion,  and  bending 
of  the  entire  body.  'ITiere  are  indication-s 
of  an  undulating  membrane,  but  none  of 
Hagella.  The  poles  end  in  sharp  [joints. 
Nu  further  dediils  of  structure  have  been 
made  out  thus  far. 

For  the  purpose  of  the  study  of  the  fresh 
material  dilution  with  salt  solution  of  the 
expressed  juices  of  primary  lesions,  or  the 
lluid  drawn  by  aspiration  from  the  lymph 
glands,  is  pennissible.  Prepared  in  thLs  way 
the  spirocha-tes  were  still  actively  motile, 
according  to  Schaudinn  aiul  HuJTinann,  Mf(er 
six  hours. 

'Hie  staining  is  Hrr-iiuiplisbi-d   with   difli- 
culty,  and    Uie   best    results   thus  far   have 
been   obtained  with  Giemsa's    eosln  solution   and   azur.    Schaudinn 
and  Hoffmann  recommend  the  following  formula: 

Twelve  parts  of  Giemsa's  eosin  solution  (2.5  c.c.  1  per  cent,  eosin, 
5CX)  c.e.  water). 

Three  parts  azur  No.  I  (1 :  1000  sohition  in  water). 

Three  parts  azur  No.  II  (O.S:  1000  solution  in  water). 

Tliis  mixture  is  to  lie  fn'shly  pwpan'd.  The  i\hm,  which  should  be 
thinly  spread,  are  dried  in  the  air  and  thei;  imnlened  in  absolute  aleoliol 
for  ten  minutes,  after  wlilcli  lliev  are  inirnersed  in  the  stain  from  six- 
teen (o  twenty-four  hours.  They  are  to  be  washed  in  water,  dried  in 
the  air,  and  examined  in  cedar  oil. 

Fle.xner  and  Noguchi  have  published  a  report  upon  the  examination 
of  four  cases  showing  syphilitic  lesions  an:l  two  controls. 


Till!  iwu  apliui;b»;lcs  lu  Ui«  contra 
Hrv  Sp.  (uiUltla:  iht  Unre*  otlMn, 
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Case  I.  Male,  aged  twenty  years.  Luetic  infection  December.  19CM. 
No  regular  treatment.  He  presented  raucous  patches  of  (he  ton^ib 
and  soft  palate,  ami  a  failing  rash  tif  llie  trunk.  !U-tweoii  ihf  butlr>cks, 
flat  condylomata.  A  condylonia  was  excised.  Smears  were  made  and 
stained  In  various  anilines  and  with  cosin-azur.  Fresh  preparations  in 
salt  solution  were  also  studied.  In  the  latter  no  characteristic  organ- 
isms were  found.  The  stained  preparations  were  jMisitivc,  showing  a 
variable  number  of  thin,  lightly  staineil  .spiral  organi.><U]s  identified 
as  the  species  described  by  .Schandinn  and  Hoffmann.  The  posilii'c 
re.sults  were  obtained  with  aniline- water-gentian  violet  and  eosin-azur, 
the  latter  having  given  the  most  salisfartory  rtwutls.  Tlie  films  varied 
greatlv,  even  with  the  same  method  of  preparation.  In  some  the  mim- 
Ix'T  of  stutiied  spiruls  was  very  small,  while  in  others  llic  mimlx^r  was 
large,  a  single  field  showing  as  many  a.s  five.  In  still  other  cover- 
glasses  no  oi^anisnis  could  l>c  discovered.  The  spirals  were  long  for 
the  most  part  an4l  shuwe<l  froui  six  to  twelve  bends  or  curves. 

Case  ii.  Male,  aged  thirty-four  years.  Hurrowing  non-.«vphilitic 
nicer  of  the  peni.s.  Smears  from  the  surface  only  could  be  obtained, 
and  they  were  negative  for  .spiral  micnM)i^insins. 

Case  in.  Male,  aged  twenty-three  years.  Mucous  patches  in  mouth. 
Healed  scar  on  penis.  Kiilargcmcnl  and  iiidurHlion  of  glands  of  the 
groin.  A  small  quantity  of  fluid,  consisting  of  bluotj  and  lymph  cells 
aspired  from  the  enlarged  glands.  Fresh  preparations  negative;  .smears 
stained  in  eosin-azur  showed  a  ven*  few  delicate,  faintly-iflaining  spiral 
organisms. 

Case  IV.  Male,  aged  eighteen  years.  Infection  in  January.  For 
several  weeks  active  antisyphilitio  treatment.  I'rimarj*  le.'^ion  on  glans 
penis;  marked  swelling  of  the  glands  of  the  groin.  Part  of  primary 
lesion  was  exeiseii  and  fluid  was  aspirated  from  an  enlarged  gland. 
In  (he  fresh  fluid  of  the  gland  diluted  in  sterile  salt  solution  .several 
small  and  a  single  larger  motile  spiral  organism  were  seen.  None  of 
(he  stained  preparations  from  tlie  prinmrj'  lesion  or  the  gland  juice 
showed  spirochn-tes. 

Cose  V.  Colored  male,  aged  twenty  years.  No  definite  historj-  of 
tune  of  infection.  Presented  himself  vnth  phimosis  and  balanitis. 
After  incision  of  the  prepuce  three  separate  elevated,  indurated  lesions 
regardeif  at  chancres  appear&l.  Moderate  .swelling  of  the  glands  of  the 
groin.  One  of  the  lesions  excised.  Smears  and  fresh  preparations 
were  made  frr>m  the  base  of  the  lesion.  Fresh  preparations  nr^tiv«. 
The  smears  stained  in  eosin-azur  showed  a  moderate  number  of  delicate 
spirals,  agreeing  with  the  description  given  by  Schaudinn  and  Hoff- 
mann. T  liey  varied  in  nuudjer  in  difTcn-iU  cover-glasses,  and  in  some 
could  not  be  found.    The  cunes  numbered  from  eight  to  twelve. 

Case  VI.  Male,  aged  twenty-three  years.  Non-syphilitic  ulcer  of 
penis;  duration  twelve  days.  Films  stained  in  eomn-azur  were  n^&- 
tive  for  spiroclis'tes. 

Of  the  four  cases  of  sj-philitic  lesion.-?  studied  by  Flexner  and  Noguchi 
the  spiral  organism.^  were  obtained  in  stained  preparations  three  tinw 
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while  iu  the  two  cases  »f  non-sj-philitic  lesions  studied  they  could  not  be 
found.  An  anomaly  exists  in  respect  to  Case  IV.,  in  which  the  spirals 
were  missed  in  stained  preparations,  while  they  appeared  to  be  present 
in  the  fresh  state.     Xo  explanation  ran  now  be  offered  for  this  occurrence. 

Schaudinii  and  Holfinanti  expi-ess  themselves  very  guai-dedly  re^rd- 
ing  the  significance  of  the  spirochff-te.  They  point  out  its  presence  in 
the  typical  lesions  of  the  disease  and  its  absence  in  the  other  forms  of 
venereal  disease  studied.  Important  wjnfinnalory  amtributJons  have 
come  from  Metchnikoff  and  Kou,\,  who  have  demonstrated  the  same 
organism  in  the  lesions  of  acquired  syphilb  in  man  and  in  experimental 
syphilis  in  the  monkey  and  ape.  In  the  lost  animals  the  material  for 
study  was  obtained  from  the  priman,'  lesions  produced  by  inoculation 
before  ulceration  had  taken  place.  Additional  confirmatory  evidence 
of  importance  as  regards  the  distribution  of  tlie  spirochn^te  is  supplied 
by  the  observation  of  I^vaditi  and  Buschke  and  i'^i-scher  upfJii  con- 
genital ^philis.  These  writers  found  that  organism  in  the  pemphigus 
Dullfe  and  papules  of  tj^e  skin,  and,  in  cases  coming  to  autopsy,  in 
films  from  the  spleen  and  liver.  Schaudiuu  reports  that  he  has 
obtained  it  also  from  splenic  juice  removed  by  aspiration  from  a 
syphiUtic  patient. 

Metchnikoff  and  Roux  draw  attention  to  the  irregidarity  of  distribu- 
tion of  the  organism  as  indicated  by  the  variation  in  numbers  upon  the 
cover-.<5lips.  Olhci-s  have  observed  the  same  irregularity,  bt3t  it  is  not 
certainly  established  that  the  difference  may  not  be  due  to  the  Imper- 
fect technique  in  .sxaining.  Metchnikoff  and  Roux  and  Tx^vaditi  prefer 
a  more  rapid  method  of  staitiing  the  lilms,  namely,  that  of  Marino, 
whidi,  up  to  the  present,  wc  have  used  but  little.  Should  it  sen-e  as 
gow]  a  purpose  as  the  slower  eosui-azur,  and  .'ihould  future  study  con- 
finn  the  etiological  position  of  the  spirochete,  a  rapid  and  useful  and 
perhaps  even  a  specific  method  of  diagnosis  would  be  afforded.  Since 
the  organism  exists  in  the  primary  le-sions  and  the  glands  of  the  groin 
in  a  demonstrable  form,  and  i^ince  fluid  from  each  can  l)e  obtained 
easily,  with  the  infliction  of  little  pain  to  the  patient,  and  without  in 
any  way  prejudicing  the  progress  of  his  disease,  we  may  look  for  a 
general  study  of  the  fluids  obtained  from  tlipse  sources  m  suspicious 
and  established  forms  of  veneival  disease  with  reference  both  to  the 
occurrence  and  the  specificity  of  spirochfcte  pallida. 


OERCOHONAS. 

Sulxrlass:  Flagellata. 

Order:  ProtomonatlJna. 

Genua:  Cercomona.**. 

The  members  of  this  genus  are  round  or  oval  flagellates  with  a  long 
anterior  flagellum  and  a  moi*  or  less  pninte^j  posterior  one  which  is 
sometimes  amti'lxitd.  The  vesicular  nucleus  is  sitiiutf^d  anteriorly  and 
lying  near  it  are  one  or  two  contractile  vacuoles.  Division  into  two 
clauglit4>r  forms  has  l>een  observed. 


496 


PWTOZOA 


A  nuniher  of  rercomonaila,  none  of  ihein  well  studied,  liavc  becD 
obsentrd  in  difTerent  animate,  us  well  as  in  man. 

Cerromonas  honiiuid  (Davaine,  ISM)  was  observed  In  the  dejec- 
tions of  acbolera  patient  by  Davaine.  The  Ixxly  a  I0/<  to  12/i  long 
ami  pear-3iiape<l,  pointed  posteriorly.  The  flagellum  is  twice  as  long 
as  the  body.  The  nucleus  Is  difficult  to  see.  Davaine  also  reported 
a  smaller  form  in  the  .stools  of  a  typhoi<i  patient.  Other  olaeirers  have 
noticed  similar  fomis  in  human  stools,  some  a-isociafed  with  amoeba 
coU.  Similar  forms  have  been  »een  also  in  an  echinococcus  cyst  of  the 
liver,  in  the  sputim)  from  a  ease  of  lung  gangrene,  in  the  exudate  of  a 
hyilraptieumothnrax,  ami  a  few  tiiue.s  in  tlje  urine  (bodo  urinarius). 
They  art*  all  probably  harmless  comensals. 


PolTmastiGTiiia.- 

The  order  polymastigina  consists  of  Hagellates  having  sevemi  flagella 
projeeting  from  ilitTcrent  parts  of  the  body.  TJic  majority  of  the  fonua 
known  are  parusitie  in  certain  fish. 

Donn<S  in  1837  described  a  form  belonging  to  this  group  wfaicb  he 
found  in  the  human  vagina,  and  wlileh  he  therefore  called  trichomonas 
vaginalis.    It  has  been  fcuml  by  other  ol>sen*ers  to  be  a  frequent  habitant 
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of  tlie  vagina  at  all  ages.  It  has  also  been  found  a  few  times  in  (he  aHd 
urine  of  males.  The  mode  of  infection  of  the  female  is  unknown.  The 
botly  of  the  parasite  at  rest  is  j)ear-shaped.  but  <luring  action  iisainu-boid 
movements  cause  it  to  a.ssumc  various  sliapes.  The  size  varies  from  !2/i 
to  25/'  long  and  .S/<  to  15/i  wide.  Tlie  protoplasm  is  finely  gmnuhir. 
exet-pttiig  for  two  rows  of  larger  granulrs  which  iH'gin  on  eilhrr  side  of 
the  nucleus  and  c^uvei^e  posteriorly.  From  the  anterior  |>an  project 
three  to  four  Itagi'Ua,  which  Ntfeni  to  begin  at  a  luuial  thickening  near  to  or 
coonecled  with  the  ruoreorlessiival,  iuilislinctly  vesicularnucleus.  From 
tlie  origin  of  the  fiagella  an  undulating  membrane  extends  backward. 
The  IxhIv  also  seems  to  |H)sses3  a  certain  linear  structure  connected  with 
the  membrane.    Contractile  vacuoles  ba\'e  not  l>een  seen. 
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The  trichonioiias  honiinis  Davaine,  Found  frcfjiiently  in  the  human 
alimentary  canul,  is  ven,'  similar  1u  tht-  trichonioniis  vngitiitlis,  but  it 
is  smaller  antl  more  pear-shaped.  This  form  has  been  found  often  in 
acute  diarrba'as,  but  no  causal  relation  between  it  and  the  patholopcal 
process  has  been  shown. 

A  similar  form  has  been  seen  a  few  times  in  lunj;  ganprene,  aspira- 
tion pneumonia,  and  bronchiecta.sis. 

l^rnblia  inte^tinalis  (Laoibl,  1859),  a  flagellate  belonging  to  thid 
group,  parasitic  in  the  small  intestines  of  miee,  rats,  rabbit*!,  dogs,  cats, 
and  sheep,  has  also  been  found  occasionally  in  the  human  intestines. 
It  is  bei't-shapcfl,  bilat4Tatly  symmetrical,  \Oft  to  21/*  long  and  5/i 
to  12u  wiile.  possfssin^  fla^Ila  9/^  to  14/i  long.  Anteriorly  this  species 
has  a  characteristic  concavity,  tlie  rim  nf  which  seems  to  be  contractile, 
forming  a  sucking  apparatus.  The  eight  flagellu  of  the  organism  are 
arranged  in  pairs ;  one  anteriorly,  two  laterally,  and  one  posteriorly.  The 
nucleus  is  situated  anteriorly  and  has  a  central  constriction,  'the  pro- 
toplasm of  the  b™iy  is  thick  and  hyaline.  (Contractile  vacuoles  have  not 
been  seen.  Scbaudimi  has  recently  obsen'ed  encystment,  copulation, 
and  complicateil  nuclear  changes  in  this  organism. 

Infection  follows  the  ingestion  of  the  cysts  with  unclean  ffiod.  The 
parasites  fasten  themselves  to  the  free  surfaces  of  the  epithelial  cells  by 
their  sucking  apparatus,  but  sectn  to  exert  no  liannftil  influence  on 
their  hosts.  I'hcy  have  been  found  most  frequently  in  poor  children 
who  play  often  in  dirt  containing  the  cysts.  Repcatcfl  small  doses  of 
calomel  will  cause  their  disappearance  from  the  feces. 


Ooccidiomorplia. 

Class:  Sporozoa. 

Subclass:  Telosporidia. 

Orrler:  Coccidiomoipha. 

Suborder:  Coccidia. 

Coccidium  cimicidi  (Rivolta,  1878). 

The  coccidium  cuniculi  is  a  frequent  parasite  of  the  rabbit.  Young 
rabbit*;  ape  especially  susceptible,  and  extensive  epidemics  may  occur  in 
breeding  bouses.  The  symptoms  are  fever,  diarrhoea,  veltowish  mucous 
dischai^  from  the  nose  and  mouth,  and  pmgpcssive  wasting.  The 
liver  is  muchcnlargt^d  anil  shows  throughuut  its  substance  variously  sized 
gray-white  tubercles,  generally  surroumled  by  a  capsule,  and  containing  a 
slimy  mass  of  dcgenemte«l  host  cells,  iu  which  are  embedded  the  parasites. 
The  parasites  are  also  found  in  the  feces  and  in  the  epithelial  cells  of 
the  intestines,  gall-ducts,  and  liver.  The  acute  stage  of  the  disca.se 
lasts  about  three  weeks.  The  contents  of  the  coccidia!  tumors  in  animals 
that  have  with.stood  the  infection  may  later  be  emptieil,  leaving  oidy  a 
mass  of  cicatricial  tissue.  In  such  animals  the  oocysts  may  remain  for 
a  long  time  in  the  gall-blai  Ider  and  intestines,  and  by  passing  out  gradu- 
ally with  the  feces  may  provide  a  source  of  infection  for  other  animals. 
The  infection  is  carried  by  food  soileil  with  cyst-containing  feces.    The 
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cysts  pass  with  the  food  into  the  stomach,  where  the  cyst  wall  onH  thej 
spore  sack  lire  ilpstroyed  and  the  sporo7x)itcs  are  set  free.    The  motil 
sporoKoites  pass  tlirougli  the  ductus  cliuledochus  into  the  liver,  some' 
probably   passing  into  the  intestines  and  infecting    tlic  cells  ilireolly, 
a  later  infection  of  the  interlines  occurring  fntm  fonns  (!eveIo[>ecl  in  the 
liver.    The  orpanism  flevclops  within  the  epithelial  cells  of  the  Uvi_*r  and 
gall-ducts  until  the  cells  arc  fninUy  broken  down  and  tissue  cysts  are 
foniied,  within  which,  after  more  or  less  complicated  changes,  cysts  of 
the  parasite  are  again  fonned. 

PIO. IS9 
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Shnwlni;  iiporr  fnniiktlnn  In  co<xd<11ani  iiiiilniU  trnm  the  liver  of  the  nbUt:  a  knd  h,  jhmiiic  •<•«■ 
111  tbe  epltbelbU  Dullt  of  Uwk«)1-<Iim!U(Ui«*ui«I1  <jv«1  !>  (bo<.-«ll  uuohNHl;  c  d,  ko4  c.lhv  fctUUsod 
oocyst:  In d tb« piDtoplMTD  li titgliinlDC  torhriiili  nwnr  fnini  Um  ejrvt  wkll.Mid  In  t  li  bat  «a» 
tikclwl  Into  •  ipbericAl  tona :  /.  »e9ii>eiil«llon  lnli>  four  npuroblMU ;  g,  •Imi^IIcki  nf  the  aporaUuto 
to  torn  Wfont ;  A.  four  mmplvta  Rpuir*  In  tlio  aici^t :  t.  alnglii  spar*  mon  blfbly  TT'urlftrl.  «ium- 
Inc  tbe  two  •porow4i«>  and  «  muill  cinaiiUtr  of  rcolduAl  prompfauBB.  TIM  Ufo  crcto  bu  bMn  t§0) 
worlced  out  by  SlnMiD.    (Aflar  BkIUkdI.  froia  Duflelit.t 

A  few  cases  of  human  infection  of  the  liver  with  the  coccidium  cunuv 
iili  have  been  reporteil.  The  coccidium  hominis  Uivolta  found  n  fen- 
times  in  the  human  intestines,  as  well  as  simitar  coccidia  found  in  tlie 
intestines  of  lower  animals,  may  belong  to  the  same  species. 

(Coccidium  higemintim  (-Sliles)  is  found  in  the  feces  of  dogs,  cats,  pole- 
cats, and  ptwsibly  human  beings.     The  organwni  is  clmrnctcrized  byj 
the  (livi-sioii  of  tlie  otk-yst  into  two  united  cj'st'j,  coulainiiig  four  spot 
The  size  is  S^  to  15;/.    The  life  cvck?  is  not  well  known. 


Coccidioides  Immitis  Biziord  and  Qilchrist  (IS{}7). 

The  organism  occurring  in  certain  case^  of  skin  and  lung  infection  in 
man  and  descrilM-d  under  the  above  name  was  classed  by  the  authoRi  with 
the  coccidia;  hut  it  has  been  shown  by  Moffitt,  Ash,  and  csiH*cinIly  by 
OpbiiU  to  be  a  mould,  its  fungous-like  characters  developmg  on  the 
usual  artificial  culture  mcLlia.  The  ilescrtption  given  by  Hixford  and 
(iilchrist  uf  the  morphology'  of  the  panLsite  in  the  tissues  is  tlie  same 
as  that  of  the  organisms  studied  by  Ophttls.  In  each  nwlule  formeil  io 
(he  disease  one  to  several  parasites  are  found  either  free  or  hxlged 
in  a  giant  cell.  Hie  panusitcs  hnvc  ihe  form  of  "muinlcfl  protoplasmic 
masses  20/'  to  ^/'  in  dimnetcr.  siirrtumded  by  a  tliick.  enveloping 
membrane.  Tlwir  miihipIicHlion  \h  elTertc«l  by  a  series  of  l>ipartitioa*i 
which  goun  within  the  mcnibmne;  the  latter  then  bursts  anil  sets  free 
the  young  parasitic  eicmcnLs,  which  grow  m  tifu  or  are  carried  away 
by  tlie  blooil  or  l^inph."  Among  Ophills'  conclusions  are  tlie  follow- 
iug:  "  'Hie  liwiona  produced  by  thus  fungus  fall  under  the  general  head 
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of  infectious  granulomata,  and  consbt  parti)'  in  nodules  resembling 
altogether  those  produced  by  the  tubercle  bacilli  and  partly  in  chronic 
abscesses.  The  adult  forms  of  the  parasite  are  more  apt  to  produce 
nodules,  the  sporulating  forms  abscesses.  The  fungus  is  pathogenic 
for  dogs,  rabbits,  and  guinea-pigs,  probably  other  animals  also,  and  in 
them  produces  lesions  very  similar  to  those  which  we  encounter  in  the 
human  being  in  this  disease." 


CHAPTER   XL. 


MALARIAL  PARASITOLOGY. 


Saborder:  Hsemospohdia. 

The  .^PHMive  agent  of  m&laria  is  tt  protozoon  whicli  is  claaaifietl 
witli  the  sporozoa  (subonler:  }iu'n)ospori<liHj.  It  is  now  universallv 
acknowletljjed  to  be  the  sole  cause  of  what  is  properl}'  iticliiilwl  under 
the  somewhat  misleading  term  of  malaria,  a  term  which  signiBea  "bad 
air." 

The  actual  disroverer  of  the  protozoon  is  lAvemn,  who  rect^nized 
as  early  as  ISSO  the  true  nature  of  the  dancing  pigment  whicli  long 
before  him  had  been  oliscrved  in  intermittent  fewr.  The  n-lution^hip 
of  the  piiro\vsni  to  the  segmetilutiou  of  the  parasite  was  recognized 
later  by  Golgi.  Recently  the  relationship  of  certain  insect:!  to  malarial 
parasites  has  been  deiu  oust  rated  bv  Ross,  and  has  \ieen  abundantly 
confirmed  by  many. 

Before  entering  upon  a  description  ()f  these  para-sites  in  general,  it 
may  t>e  stated  that  they  have  a  double  cycle— i'.  e.,  as  a  ta|»ewom» 
requires  two  hosts  to  complete  its  life  cycle,  so  does  the  malarial  proto* 
zoon.  The  intermediate  host  in  this  case  is  a  mosquito.  At  tins  day 
there  ought  to  1h'  no  nion-  skrplici.sni  an  to  the  role  played  by  certain 
mosquitoes;  but  one  nuist  not  forget  that  It  is  »  special  genus,  ami 
fortunately  a  relatively  rare  one,  which  caiises  the  |icr|M-tuatiou  of 
these  protozoa.  The  characteristics  uf  (his  mosquito  are  such  that  even 
people  untrained  in  such  obscr^'ations  can  readily  tell  the  malsria- 
carninng  mosquito  from  its  relatively  Imnnless  and  prolific  simile.  Hence* 
a  few  useful  points  on  the  subject  arc  given  l)elow. 

The  cycle  in  the  hunmii  l>eing  is  ktiuwn  as  the  asexual  cycle,  or  the 
monogony;  while  the  primary' cycle  carried  on  in  the  viscera  of  the  insect 
is  called  the  sexual  cycle,  or  araphigony.  There  is  undoubtedly  in  the 
humau  being  a  third  unknown  step,  a  sort  of  hilfeniatiori  or  tying  dor- 
mant, attributable  to  a  [niHlificaEiiin  of  a  form  winch  pit.ssibly  belitngs 
to  the  monogony. 

In  tlie  asexual  cycle  the  parasite  grows  and  divides  into  segments 
which  correspond  to  the  young  form  from  which  the  jMirasite  originates 
without  the  influence  of  a  sexual  clement.  'I'his  process  of  apparenlly 
agamogenetic  itivision  goes  on  periotlicatly  for  a  limited  length  of  time. 
It  seems  as  if  the  [Hiwer  for  self-reproduction  is  exhausted  after  a 
time,  and  as  if  possibly  also  the  btoiMl  of  the  host  has  formed  circu- 
loting  compounds  antagonistic  to  the  para-site.  These  explanations  for 
the  time  liiaait  seem  reasonable. 
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t  all  events  the  .<;pnnilatinn  <-eB.S(>!4  after  a  while,  and  there  are  distinct 
changes  in  the  morphology  of  the  parasite.  Finally,  certain  botiie.s  are 
formed  whieh  do  not  segment,  and  it  is  the,se  which  will  now  Ije  described 
in  detail.  They  are  known  as  gametes,  or  sexual  fonns,and  represent  ft 
male  and  female  element  which,  however,  cannot  conjuj:ate  in  the  linnian 
blotxl.  Wlieii  (.-ertain  spet'ies  uf  nuequitoe-s  imbilK-  blooil  conlaining 
such  gametes,  the  process  of  conjugation  is  carried  on  in  the  chyme 
stomach  of  the  insect.  How  this  proccwls  will  be  descriljcd  presently; 
suffice  it  to  say  here  that  cj'sts  are  formed  In  the  stomach  wall  of  the 
insect,  which  when  matured  discharge  an  enonnoiis  number  of  fila- 
mentous sporozoites  into  the  body  cavity  of  the  mo.squito,  whence  they 
reach  what  is  iisiially  called  the  salivary  gland  of  the  insect.  From  this 
eland  it  is  but  a  step  to  the  proboscJs,  tunl  when  tlie  insect  thus  infected 
-bites"  a  human  lieing  numerous  spurozoite-s  pa.ss  into  the  circulation. 
Just  how  these  sporozoites  are  tninsfonned  into  the  well-known  young 
fonn  seen  on  the  red  corpusde  is  not  known. 

^Vhile  these  processes  are  ratlier  fully  umlerstood,  the  relapses  of  sup- 
posedly cured  cases  aR'  shrouded  in  nn-stery.  The  observations  tend  to 
show  that  there  is  a  difference  in  the  parasites  of  relapse.^!  when  compared 
witli  those  of  a  recent  primary  infection,  and  for  my  part  1  do  not  usually 
haveanydifficultj"in  telling  the  purasite-s  of  relapse  from  those  of  a  recent 
primary  infection.  Monwiver,  1  have  also  found  that  the  parasites  of  a 
supposed  second  infection  resemble  those  of  a  relapse,  and  In  the  light  of 
this  oJiservation  I  tjnubt  if  a  second  infection  in  the  proper  sense  of  tlie 
woni  is  ever  p(is,sible  within  a  certain  length  of  time.  It  is  not  within  the 
s<*o|te  of  this  article  to  give  a  detailed  descriptiou  of  the  forms  which  in 
my  opinion  point  to  a  relapse ;  suffice  it  to  say  that  the  parasites  in  ques- 
tion  show  a  tendency  to  remain  dwarfwl,  ami  show  fewer  chromatin 
bodies  anrl  greater  irregularities  in  division  than  those  of  what  I  term  a 
recent  primary  infection.  Tiie.se  abnormalities  may  l>e  referable  to  the 
peraistent  effect  of  antibodies.  t)ae  form  of  parasite  is  so  constant  in 
protractetl  eases  and  differs  su  much  fmm  tlie  nitliimry  gamete  that  a 
special  description  will  be  given. 

The  different  vanetie.s  of  malarial  and  kindred  parasites  in  man 
and  animals  have,  as  might  be  exjwcted.  much  in  common.  Hence 
a  general  description  of  the  cycle  of  one  form  will  suffice  to  elucidate 
the  cycle  of  the  others. 

Qeneratities  of  Cycle. — A  young,  amceboid,  colorless,  more  or  less 
rounded  parasite,  measuring  approxitnately  two  microns  in  diameter, 
is  seen  attached  to  a  red  corpuscle,  .After  a  certain  length  of  time, 
usually  a  few  hours  Inter,  granules  or  rwllets  of  pigment  make  their 
appearance;  these  granules  represent  the  haMiioglobin  on  wliich  the 
parasite  Iia.s  lieen  feeiliiig,  and  it  is  now  transformed  into  what  is  com- 
monly tenned  uielanin.  ^Fliey  will  be  seen  to  be  in  passive  motion,  the 
degree  of  motility  depending  upon  the  currents  in  the  protophtsiu  in 
which  they  are  eujbeddcd,  and  they  vary  in  the  different  varieties  and 
at  different  stages  of  the  asexual  phase.  After  a  further  lapse  of  time 
this  pigment  is  seen  to  gather  centrally  and  evidences  of  cell  division 
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can  then  be  made  out;  there  may  be  a  distinct  rosette-like  arrangement 
or  not.  The  next  step  in  the  breaking  up  of  the  parasite  into  sepmeuts 
free  from  pijipment.  The  further  observation  of  these  segments,  eiich 
of  which  represents  a  young  pamsite,  identical  with  the  young  form 
from  wliidi  its  progenitor  was  built  up,  is  u.  matter  of  difTicnIty.  T  had 
the  good  fortune  of  watching  oiu"  iit  a  fresh-hlood  pre[>anitiun  from 
the  moment  of  its  detachriient  from  the  mother  su)x>tHnce,  and  sjiw  it 
approach  corpuscle  after  corpuscle.  Its  movements  were  gregarine- 
Uke.  It  did  not  attach  itself  to  a  corpuscle  within  an  hour,  presumably 
because  of  the  change  in  the  nature  of  the  bloiMJ  and  its  plusma. 

In  the  blood  streitui  it  h  but  nirely  seen  free  in  the  plasma,  and  it 
WDuM  appear  that  it  ra]iidly  altaclies  itself  to  a  neighboring  corpuscle. 
That  would  tend  to  explain  the  fact  tlmt  in  cerlain  forms  of  malaria 
it  is  not  an  uncommon  tiling  to  find  several  parasites  in  one  corpuscle; 
thi.s  is  scon  especially  iu  those  cases  where  segmentation  takes  place 
in  the  bone-niurrow.aiid  where  tin  account  of  the  absence  of  the  vehM*ity 
of  the  blood  stix'nm  the  parasite:!  are  less  apt  to  be  scattered  than  m 
the  circulating  blood. 

It  is  to  be  remembered  that  the  process  of  growth  and  division  can- 
not be  readily  olwerved  in  all  tlie  forms  of  malaria  because  certain 
parasites  complete  their  asexual  cycle  in  the  viscera,  chiefly  also,  it 
seems,  in  the  bone-marrow  and  spleen. 

Three  tyjH's  of  pamsiles  are  recogniwd.  ClassiRed  Ko^ogically  they 
are:  Plasmodium  vivax  (tertian),  malariie  (quartan),  ami  prsecox 
(ffislivcMLutumnal]. 

The  life  cycle  of  each  presents  certain  characteristita  which  hold  It 
n|Mirt  from  the  others.  Some  authors  suggest  a  unity  of  parasites,  but 
tlie  mere  fact  that  the  gametocytes  of  tertian  and  flestivo-autumnal  fever 
differ  absolutely  from  each  other  Ls  a  capital  reason  why  this  ts  improb- 
able; there  are  nianv  other  striking  differences. 

A  brief  eonsidemtion  f»f  tlie  salient  facts  follttws: 

Plasmodium  Vivax,  the  Parasite  of  Tertian  Ague- 

The  young  form  U  more  difliciilt  to  find  and  to  recognize  than  an^ 
of  the  other  fomis.  A  pale  area  is  seen  on  an  othenvise  unaltered  red 
corjiuscle,  situated  usually  eceeiitrienlly,  altout  one-tenth  the  size  of 
the  reil  coipusele  or  about  one-fourth  its  diameter,  when  at  rest  pre^ 
scnting  a  munded  ap[>earance.  usually  actively  amtplmid,  throwing  out 
pseudopodiu  which  are  distinct,  never  reniaiidng  long  in  the  same  focal 
plane,  fpcquently  dipping,  so  to  speak,  into  the  substance  of  the  cor- 
puscle. It  is  often  called  the  hyaline  form  because  it  is  free  from 
pigment,  but  it  is  not  hyaline  in  the  proper  sense  of  the  term.  It  is 
also  callet)  the  ring  form,  liecause  of  its  resemblaitce  to  a  ring  in  stained 
preparations;  but  it  Is  never  a  true  ring. 

The  forms  inlenneiliale  betwei-n  this  and  tlie  segmentation  stage 
are  simply  larger  parasites,  which  are  readily  found  on  account  of  the 
pigment  granules  which  they  contain. 
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In  the  earlier  stages  they  re-semble  tlie  younger  form  except  that  the 
pseudopiHiia  jippear  to  \ye  exaggerated;  besicles  there  is  a  rapid  dancing 
of  the  pigment  liiie  to  protopla-cmic  eurrents  in  the  pnnisite.  The  infected 
coqjuscle  Is  swollen  and  paler.  Later  the  pnni.site  oecupifs  the  greater 
portion  of  tlie  coipiiseie.  which  is  nowntore  difficuU  to  make  out.  ITie 
pigment  is  slill  nioiv  evident,  so  that  tliU  form  is  (hen-fore  must  ivadily 
louix). 

The  anatonilcul  changes  which  Imve  been  going  on  in  tlie  parasite 
are  beat  studied  in  properly  stained  smear  prepanilious.  They  l)ecome 
presently  sufficiently  distinct  to  lie  followed  in  the  living  parasite;  the 
pigment  gathers  more  or  less  centrally  into  a  compact  mass,  and  a  per- 
ipheral noteliing  indicates  that  the  parasite  is  preparing  tn  divide  into  a 
numtter  of  segnienLs;  the  numl«r  of  segments  varies  even  in  perfectly 
typical  acute  ca.ses,  but  fpnm  twelve  to  twenty  niuy  be  cnnntecl  as  soon 
as  the  parasite  hns  become  fully  mature.  Surldenly  these  spliemidal 
segments  sepiirute  from  each  other;  a  corpuscular  n'muant  and  the 
pigment  Boat  away  and  are  ultimately  carried  to  tlie  spleen.  Phagt^ 
cytic  cells  ingest  these  pigment  masses.  Tlie  young  parasites  attach 
themselves  to  red  corjmscles  as  already  state<l.  The  maturv  tertian 
parasite  is  usually  larger  than  a  reil  corpu.sclc. 

The  varying  nnml>er  of  segments  is  possibly  accounted  for  by  the 
difference  in  size,  age,  and  constitution  of  the  infesteil  rnrpu.scles.  Ijitcr, 
when  the  blood  may  bave  fonne*!  iintibodies.  irregularities  are  Still  more 
readily  explained.  If  suitidde  sineai-s  urv  mmie  from  blooil  containing 
such  teiiinn  organisiiLs  the  life  cycle  can  lie  studied  mncli  naore  closely. 

The  making  of  these  smears  is  a  simple  matter.  There  are  the  cover- 
glass  and  the  slide  tncthods,  both  of  which  have  their  peculiar  nclvan- 
tagcs.  To  make  a  cover-glass  preparation,  two  square,  very  thin,  hence 
flexible,  crtvcr-ghisses  are  cleaned.  Holding  one  with  thumb  and  index 
fingers  by  opposite  cnrners  (he  lip  of  a  dnip  of  blood  obtained  by  needle 
puncture  of  finger  or  lolje  of  ear  is  made  to  touch  the  centre  of  the  cox-er- 
g\ass,  and  the  second  clean  cover-glsiss  held  similarly  is  allowed  to  fall 
upon  tlie  first  one  in  such  a  manner  tliat  the  comers  do  not  coincide. 
'Hie  blood  droplet  sprea<ls  by  eapillurity  into  a  thin  film,  whicfi  is  a 
sign  to  pull  the  two  covers  apart  in  the  plane  in  which  they  lie;  good 
results  depend  upon  cleanliness,  rapidity,  and  success  in  sliding  the 
two  covers  apart. 

A  simpler  way  is  to  polish  two  slides.  The  tij)  of  tlie  exuded  blood 
drop  is  made  to  touch  one  slide  near  one  end  and  the  edge  of  the  second 
slide  held  at  an  acute  angle  to  the  first  one  is  made  to  bisect  the  dn>p, 
whicli  will  spread  at  the  point  of  contact  by  capillarity  across  the  slide. 
Upon  pulling  the  second  or  spreading  slide  over  the  first  slide,  never 
changing  the  angle  and  jipplvlng  gentle  pressure,  a  ihin  layer  of  blood 
suitable  fur  cMitninalion  will  Ite  formed.  A  slide  niaile  in  this  innnner 
should  l»c  dried  imuicdiutcly  by  agitation  in  the  air.  It  may  then  be 
fixeil  anil  staine^l  in  various  ways.  1  would  recommend  a  uio(Jific«ltoa 
of  u  methofl  <lcvised  by  me  in  1900,  which  is  given  here  Iwlow,  together 
with  some  others. 
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In  a  suitably  stained  preparation  fusing  a  chromatin  dye)  tJie  young 
parasite  appears  to  hie  a  <li.sk  eon.sisiingof  a  basir  (blue)  periphery',  the 
boily,  iiicluiliiig  a  tuetarliroinnticHlly  slained,  rounded,  compact  (red) 
chromatin  bwiy,  often  called  the  nucleus,  which  tends  to  give  the  para- 
site the  form  of  a  signet  ring,  and  of  a  central,  pale,  unstained  area,  known 
as  the  uclircuiutic  zone. 

Later  stages  up  to  a  certain  numlwr  of  hours  show  simply  changes  in 
size  and  outline  of  the  bhie-stained  body.  Then  the  red  cliromalin  body 
loosens  upan^I  presently  it'isulislaiiee  divide.^  into  an  hiereusing  numlter 
of  angidar  pieces,  which  an-  the  firsl  evidence  of  regeneration.  Ry  the 
time  that  chromatin  division  i.s  completed  the  nngidnr  chrotiiatin  nia.saes 
will  haveassumerl  aroiindeil  fomi.tind  will  l>c  seen  to  exhibit  ultimately 
tJie  same  strong  affinity  for  certain  dyes  which  is  seen  in  the  compact 
chromatin  body  of  the  youiiK  ring-like  fonn.  At  this  stage  the  bcre- 
tofore  scattered  pigment  !ip[)ears  in  one  clump.  Good  techni(|ne  will 
always  show  a  corpu.sfular  remnant  even  at  this  time.  'J'he  achromatic 
zone  mentione<l  will  l»e  seen  to  develop  with  the  chromatin,  and  when 
the  next  step,  namely,  the  division  (if  the  body  of  the  parasite,  is  seen 
to  l>e  completeii,  there  will  be  us  many  aehruuuilic  bodies  as  there  are 
chromatin  Imdies,  each  liiiviiip  an  eipial  share  of  the  ba.sie  m(itfier-l>ody, 
each  representing  a  young  parasite.  These  young  parasites  next  escape 
from  their  envelope  or  whatever  substance  may  have  held  them  together, 
are  set  free  in  the  plasma,  and  attack  without  delay  the  corpiiscles. 

It  is  an  o|>en  <iuesti<>iL  as  to  whether  the  parasite  sits  on  or  lives  »n 
the  corpuscles.  The  latter  supposition  appears  to  be  more  pUusible. 
especially  berau.se  the  segmenting  form  retains  to  the  last  a  corpuscular 
remnant  and  because  the  young  amceboid  fonn  may  be  seen  to  dip  into 
the  corpn.self,  leaving'  one  f(icnl  plane  and  appearing  in  a  ilceper  one. 
How  could  thai  Ijc  tios.'sible  if  ij  siniplv  adhered  to  the  surface?     The 
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Dftc-RiPTioN  or  Platb  II. 

<TbD  niiinbore  mn  placed  ImnedlfttoSy  ivtMve  th«  m[«eUT«  fonn.) 
1  to   4.  VounsfDnn*!  anplinnmce<l. 
Oto   S.  Ondual  plgaMDUtlon  Slid  Hrowtb  nniwiMtrulle;  IbochrooMlIn  1«  loownlnK  up. 
ttolS.  AcUva  dtvWcHi  of  (^hromMln  f^HD  itro  Idui  twelve  or  more   pl««a.  wtiltrti  Are  ■!  flin 
uiKiilBr,  but  became  rounded. 

U  la  in.  Complete  KcnwniaUnn :  M>ll«wticin  nf  ptfiaeni  tn  elnglfi  lamp. 

I*.  B»tsUi)K  of  mgmeuUuK  |am«llv  and  Ubentlon  ol  youag  roraw,  Mob  of  wbtob  d*  mom  inteH 
Mid  dMlTo^ft  new  mrpiiKlo. 

17  U>  in.  VoiiiiK  tnalD  MSiiitl  ftimw. 

•S>  MaloMiiwl  fnrnuiiniirm^medMj-te).  The  colM-up,  oMimUy  Blluatad  cbruinatJn  tlUfJbuv 
Um  lUmllBiir  ml(;T<if[aujelvii. 

ZLto23.  FeoiBlo  WXQal  Ibrm  .  Rtntn  dwp«r  tbKti  In  nnle;  l«n  dnoasUn.  alUMieil  i>cnp'>cran]r : 
oAen  utnMwptuciiUt",  tn«cragamMe.  iTlieae  fstnetw  an  tba  umiottKmot  Uic  ctwoMitic  bndUa 
of  nU<ro«tjlduiDBl  luftlftrlft ) 

S.  AbnoniMlIf  ■ltaft[«4JMce»oi7chn>mBUnbody. 

3(.  Ttm  p«nua»  matuff  rig  >ldi>  by  aide. 

ttUiS.  Effwt  or  4|ul[tlD*0D  body  of  psrailU. 

IT.  RMlalMil  tana  upttble  of  otwdug  mtapK  ft). 

M.  Aboortotl  MRTMnUtlon  of  Iionutnra  p*rajilte. 

The  varfenuiOTmUtidiouBdMbQdiOT  an  blood  pteteletB.  Tb<  ivl  blond  LXtrpneeUmu*  ilnplrom. 
lined.  UielrcoloriinddeitraeofdeiteMtnitionn'hcntn&^ted  wlllde|>eudenUfelraponi.baiMbitlqn»- 
TbefaodyorttiBtMiuKabiblue;  U»cbti>m«Un  body  to  oarmtM;  ibeplrmnl  U  (Imply  ihiawii  la 
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denser  protoplasiuvc  bouudarj  /.one  of  the  corpuscle  offers  no  resistance 
to  the  parasite. 

The  technique  recommended  beiow  shows  that  the  infested  cor- 
puscle early  imdcrgoe.s  a  granular  degeneration,  which,  curiously  enough, 
in  the  first  few  hours  resembles  tlie  oniinary  granular  stroma  degenera- 
tion with  basic  affinity,  while  U  is  later  seen  that  the  afKnity  of  the  then 
more  numerous  granules  is  nxure  acid  or  at  least  the  staining  Li  no  longer 
orthoebroinatic,  the  blue  being  superimposed  by  ft  red;  in  other  words, 
these  granules  stain  later  nietacliroimitieally.  The  greater  the  loss  or 
transfonnation  of  the  hremoglobiu  the  greater  the  nundver  of  granules. 
This  holds  g(Jod  only  for  tertian  parasites,  the  ffistivo-autiiranal  variety 
causing  practically  no  appreciable  change  though  the  same  technique 
be  used. 

But  the  mere  recognition  of  the  malarial  parasite  in  the  blood  is 
insufficient  to-day.  Not  only  should  the  physician  know  the  variety  with 
which  he  is  dealing,  but  also  it  will  be  to  his  advant-^ge  to  know  some- 
thing about  the  progress  whicli  the  iliscase  is  making  by  study  of  the  circu- 
lating parasite.  This  will  seem  difficult  at  first,  but  a  relatively  small 
amount  of  studv  will  show  the  value  of  the  recognition  of  certain  changes. 

In  tertian  fever  much  can  be  learned  from  the  study  of,  let  us  say,  three 
ti*pical cases,  viz.:  (1)  a  recent  priman*  infection;  (2)  a  primary  infection, 
but  of  long  standing;  (3)  a  relapse.  The  student  who  knows  the  forms 
occurring  in  the  tvfdcal  recent  primary  infection  will  reatiily  observe  many 
morphniogicftl  differences  between  these  an^l  the  parasite  of  the  pro- 
tractefl  case.  He  will  then  uLso  find  at  least  two  forms  which  are  not 
readily  classifieif  with  those  of  his  recent  primarv-  infection.  These 
forms  are  the  gametocytes  or  gametes,  the  analogues  of  the  crescent. 

Tlie  microg!imetoc;i"te  of  tertian  nmluria  is  a  large  [)anisite  with  little 
affinity  for  methylene  blue,  carrying  more  conspicuous  pigment  arranged 
frequently  as  a  wreath  around  a  large  achromatic  zone  iii  which  filaments 
of  chromatin  lie.  These  fitaments  are  the  microgameles,  also  known 
as  the  flagella.  When  living  the  pigment  of  this  parasite  is  immotile 
until  ju.st  Ix-fore  the  parasite  Hagellates,  at  which  time  an  unusual 
activity  of  the  granules  is  seen. 

The  .second  feirni  Ls  the  macrogamele,  which  is  an  extracorjtu-scular 
body,  staining  deeply  in  inethyleue  blue,  having  a  hazy  chmiuatiu 
mass  in  indistinct  achromatic  7,one  usually  situated  peripherally. 

The  young  form  which  gnjws  uitiuiately  into  a  niicmgaiiu't»X'yte  is 
ring-shapeil,  with  a  heavy  chromatin  body  well  witlnu  the  acjmtnuitic 
zone. 

In  relapses  a  third  form  is  met  with  which  hjis  a  compact  chromatin 
body,  surrounded!  by  a  paler  area,  that  can,  however,  be  stained  pinkish 
by  chromatin  dyes.  'I  he  recognition  of  these  forms  is  of  the  utmost 
importance  because  the  prognosis  depends  upon  them.  They  are  quite 
resistant  to  quinine  and  other  dnigs,  and  it  appears  as  if  cases  in 
which  these  forms  are  seen  are  much  more  prone  to  relapse  llian 
promptly  treated  recent  primary  infections. 

Also  the  absence  of   gametocytcs  from  the  blood  means  that  no 
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amount  of  sucli  blood  that  unophelc^  mosquitoes  may  imbibe  can  ever 
inft'ct  tlie  mosquito. 

When  studying  old  cases  and  relapses  it  nil!  be  seen  that  the  char- 
acteristics of  the  three  varieties  are  lost  to  a  certain  extent.  But  otlier 
factors  will  Im\'e  changed  accordingly;  the  ]>an»xysins  will  have  liocome 
irrefjidar,  protmcted,  less  severe,  and  will  cventuallv  occur  widelv  apart. 
Now,  as  (lie  pjti-oxy.sni  ilcpemls  upon  the  scginontation  of  the  pnitozoon 
or  the  probable  libemlion  of  a  toxin,  any  changes  in  the  morphology 
might  l»e  expectcil  to  influence  the  periodicity  and  character  of  tl»e 
paroxysm,  and  such  is  actually  seen  to  be  the  case. 

An  abnormal  tompemlure  chart  can  usually  l>e  explained  by  proper 
study  of  the  forms  of  parasites  present.  If  quinine  has  l>een  admin- 
istered it  13  to  l>e  considered,  as  its  effect  on  the  morphologi,-  of  the 
parasite  is  profound  and  rapid.  The  part  most  and  first  atfeeted  in  the 
blue  staining  >»ody;  Inter  follow  ecrentriciiies  of  the  chromatin,  such 
as  multiple  bodies  in  young  forms,  extension  of  chromatin  bodies,  aod 
dwarfing,  just  such  elianges  ns  might  have  occurred  iu  time  if  the  ImmIv 
hail  Ijeen  allowed!  to  combat  the  pamsite  witlmut  the  aid  of  drugs. 

The  notion  that  the  parasites  can  be  found  only  at  the  time  of  the 
paroxysm  is  sUll  in  the  minds  of  many;  it  is  erroneous. 


The  Astivo- autumnal  Parasite. 


In  a  recent  primiin.'  infiH-iiDn  only  young  forms  can  lie  found  tn  the 
[K-ripIiernl  blnod;  tlieir  pigment  is  so  scanty  as  to  render  their  recog- 
nition in  fresh  blood  a  matter  of  experience;  dancing  pigment  is  prac- 
tic«lly  never  seen  in  such  cases. 

Ltiter  in  (he  disease  the  gainetoevtes  develop;  they  are  absolutely 
characteristic,  readily  fountl.  and  of  diagnostic  value. 

In  the  fresh  blood  the  young  parasite  is  .seen  as  a  fairly  sharply  de- 
fined, rounded,  sUghtly  amceboid  boily;  the  infect&l  corpuscle  maybe 
crenated ;  it  may  have  what  has  been  termed  a  "  brassy''  appearance. 

Such  forms  stjiined  sliow  extremely  thin  and  small  rings,  with  one 
or  more  chromatin  bodies,  situulet)  not  infreijuentlv  within  the  achrcv 
matic  zone.  There  arv  fre*iuently  sevend  parasites  in  one  corpuscle; 
five,  six,  and  seven  have  been  seen.  Later  the  parasite  shows  a  few 
heavy ,  blackish,  pigment  gniiiules,  and  an  increase  in  the  size  of  the  bo<Jj 
is  seen.  It  is  ver,*  exceptionally  that  one  fituls  in  the  peripheral  blood 
fonns  approaching  segnientati'tu  or  actually  segmenting.  The  various 
steps  of  chromatin  division  seem  to  take  place  cliiefly  in  the  bone- 
marrow  and  the  viscera.  The  parasite  dw-s  not  ordinarily  attain  the 
size  of  tlie  tertian  form,  and  there  are  usually  fewer  segments.  Their 
arrangement  is  apt  to  be  very  synnnetrical. 

Upon  developing  the  gametopytes  these  are  seen  at  times  in  large 
numliers.  They  are  first  ovoidal  and  later  crescentic.  The  blackish 
mgmenl  lies  iu  a  wreatb  around  the  thus  hidden  chromatin  filaments. 
There  may  be  a  corpuscular  remnant  or  not.    There  seems  ti»  be  a  sort 
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of  capsule  at  times.  The  ends  stain  more  deeply  in  methylene  blue  than 
the  rest  of  the  parasite,  a  phenomenon  which  w  known  as  polar  staining. 
The  pigment  is  quiescent  in  the  fresh  specimen.  Upon  prolonged 
obsen'ation,  say  twenty  niiiuitcs  or  less,  iicconling  U>  IcniperHture,  etc., 
these  crescentic  bodies  are  trHnsforiiu-d  intnsphericnl  binlies;  the  pipncnt 
of  certain  ones  of  these  becomes  actively  inotilc.due  to  internnl  ogitu- 
tion  of  the  chromatin  fibrils,  which  will  presently  eniergr  iis  flugella. 
Their  movements  are  very  rapid,  corfjuscles  are  knwked  about,  and 
finally  these  flagella,  which  represent  the  male  sexual  ciciucnt.  tlic 
spermatozoid,  so  to  .speak.  iKrcinne  detached  and  go  in  search  of  the 
female  element.  In  birds  one  may  actually  ob8er\'e  the  process  of 
conjugation  In  sliiie  pn'paratinns  even  witliout  the  aid  of  a  moist  cham- 
ber and  heal.  'ITjis  transfurnuition  of  crescentic  btnlies  never  occurs 
in  the  human  hloo<I.  It  will  Ijc  seen  tiiat  it  belongs  to  the  sexual  cycle 
which  occurs  in  the  stomach  of  the  mosquito. 
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.ttnlToautumnal  tn*  t  1  to  7,  mtiotui  roung  tion-t>tKinitnt»<l  rprmo :  a  to  10,  larger  rorm*  rrom 
pmpbtnl  blood ;  11  lo  11.  tuIoub  uvuIiI  bodtea :  U  to  IT,  viv.'wiraUc  bodleit  -.  \^  tu  U.  unsK«aUa 
bodlet  Kfler  removkl  III  pi^meDtthonHnc  nhraniAlIn  nitmcnu  In  ■cbraoutic  aono;  2QUt^,  abnor- 
nukl  lofnu. 

Crescents  do  not,  In  my  opinion,  ever  ilivi^le,  cither  uganii>gern*licnlly 
or  otherwise,  in  ttie  bloiKl.  Forms  wbic)i  show  a  conslricdim  are  rather 
to  be  referred  to  a  twin  maturntlon.  Nor  do  I  lielieve  that  the  chro- 
matin of  microgninettwytcs  ever  diviilcs  by  segmeiilnliou;  it  seems  to 
me  that  the  coi!ed-up  filanient.s  are  rapidly  rearranged  and  then  Indi- 
vidually extended  ns  so  many  flagclla  or  inicrogametes.  ■  \ 

In  fnlal  cases  the  formation  of  crescents  may  not  take  place;  the 
blood  infection  with  young  parasites  is  then  enormous,  every  Held  of 
the  microscope  showing  numbers  of  them.  '  1 

In  the  study  of  te-'-livo-autuiniial  fever  i(  Is  to  be  rcineHitjereil  that 
crescents  when  found  indicate  that  the  dLseuse  is  of  some  stantling,  for 
such  sexual  forms  (gametes)  are  not  furmeil  until  thR  asexual  propaga- 
tion is  waning.  The  recognition  of  these  ovoiilal  and  cresceiUic  bodies 
is  easy.     But  as  there  are  no  readily  discoverable  pigmented  forms  ia 
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tlie  periplicrul  blutxl  In  the  early  stages,  it  b  necessary'  (o  be  thoroughly' 
fflTniliiir  with  tht*  younpa?stivo-autiiinnaI  fontis.  Chromatin  staining  for 
therti  cannot  be  too  much  recoramende*!,  as  there  Is  little  that  is  charac- 
terUtic  about  them  when  they  have  been  staine<l  with  methylene  blue 
alone.  Miiny  n  serious  error  has  been  made  by  adherinp  to  tin-  an- 
tiquated iilea  that  jmrasites  should  be  looked  for  in  the  fresh  bloml, 
as  these  voung.iion-pigineiited,si»-calle«i  hyaline  forms  cannot  be  readily 
recognized  by  the  inexperienced,  while  it  is  an  easy  matter  to  know 
ami  classify  them  when  properly  stained. 

The  Quartan  Parasite. 

The  recognition  of  the  quartan  parasilc  in  its  early  stages  in  the 
fresh  blood  is  not  as  difficult  as  that  of  the  tertian  form,  but  in  staineil 
preparations  it  is  often  imlistin^fuishable  from  tlie  latter.  The  liviog 
ami£boi(i  young  form  is  more  refractive  than  tlie  yuung  living  tertian 
form,  nior*.'  like  the  a?stivo-auiunmal  form,  and  it  is  just  as  sluji^sh  in 
its  niovpuient'i.  Here,  too,  the  coq>u.scle  U  often  shrunken  and  looks  as 
if  it  contained  more  hemoglobin  than  in  the  case  of  infection  with  the 
tertian  panwite. 

The  gmwing  parasite  shows  fewer  pigment  granules  than  the  corre- 
sponding tertian  one,  and  it  is  apt  to  fonn  a  band  across  the  infected  cor- 
puscle.   Scjjments  are  few  iu  number,  as  a  rule,  and  tJie  parasite  reniaim 


Dbbomption  uv  Plate  IIT. 

I.  Trrlnl  yontijt  untan  tana;  tte  mrp<)*(^>*  Dioh*  Inedplent  4«ncntlon :  ooT|MiMtte  lo  l*n 
%hon  ttiaviv  «  binaA  |>laU>Ict. 

3.  Abiiutmtil  yuuDK  form,  ulitiwiiiy  ■hmII  ceoeMwry  cliniuifttin  bodf. 

a  Two  ranuliai ;  one  k  nonnal  yuiinit  fonn:  Ibo  tecond  Ibts«  form  tn  vmHOeil  eorpnrts  l«  ab 
nnuaual  cbnorauU  IVinu  ttilh  verj'  lur^v »i'1ir«iiiBttP u«ft. 

4.  &,  «.  .UUvtMtituiniik]  iMmslt«s :  •lti«l«.  douMe,  *nd  irlpU  tnft«n<»i :  ooutnl  atotittM 
ehnimuin  bodlo^  Th«e  rormt  mn  khout  Uie  larmi  QxiKllr  Men  tn  tha  poriplMml  Uood ;  M 
dtoumUon  of  <nrpiuolit. 

7.  TeMui  iikmdte,  ftbniii  t«Ti  hoiin  old :  aurked  (tegviientUoa  of  onrfiiuela 

1,  Double  InftdloD  ol  ■  ooiiniMlc  In  h-rtlnn  (vwt  :  uiArlivd  (laganonUoa  ol  ootpuanlit 

SI,  IC^  II.  tjufv  lerlUii  [NnuJln  kIuiwIdb  illvlnUiti  of  o.braiuuln  pravlODt  lo  ngnMiKktloD. 

12MMIU.  Complete  MRiBouMUon  of  tertian  i>«tnfl(«. 

IS.  Doublu  Infrclton  of  onrpiuclv,  ono  [mumII*  rcactilnt  mcwrilj,  bul  ibuwlnK  ■nwiuUlr  aaclt 
MsmeiUa  ;  tfae  aaooiid  oan  •lrot>ltim). 

U.  TMlati  panudttt,  old  <*M :  wUlo  Ibofsmrilv  In  "oiy  luilt-gmirti.  Uie  obromaUii  hu  aidll  Into 
aevenl  cmniwct  muna    Dcaoncrulon  ol  Infeolad  <^or|wsrle. 

10.  DtnrlM  IvftUn  raruttB,  nnKlIoF  ttuin  ■  rad  airpu*rl«,  Ihii  abuwlng  llf*  cnmiiMCt  oliraoMUn 
bodies ;  rannblMHw  vt  .luurun  trmttt 

17.  AilDTOBunetAOTte  of  ivrtiHu  imbvrla;  pmnllMOoe  of  blkckbli  plfWini  xunotUMllng  *  lug* 
BcnmniHtic  nwii'  In  wlitrh  ihc  inlcnipuiHiiai  lie  mllDd  np. 

10.  TcrtlAn  uinuivKBUielM. 

luia'JS.  CnMemUetwdtfliof  ■aUro-KBtMniDal  BuihutA. 

19.  Tjrplail twiMi* :  plgmeat ■iimiuullnf  M>bn>nniicaT«B;  no  ehrom*lln  •bown;  tbe  "Ub"  la 
jraanL    (UaloT) 

aO.  Samlorold  auntt*    tF«anl«T} 

21.  nrmeni  retnored.    RIllpumUdhniRiaU)'  an*  In  whlfllitbe  mlonvMnetM  an  Mon- 

aSarxirj    llcinent  MBKKVed ;  cbroiiwtlii  iiMtrv  comcacl ;  iNMlblr  AsMlaetClMnU. 

«.  rroiDAMMirf  |wmldciiiamnUrl«wlthrtohlnrv«Uon:  raly  hjralliMfuraaalR  poripbOMlblMa. 
Bctow  A  t«iv«  t-UXMl-fUICtM. 

Note  —Ah  ihu  iinii>liarmtlan lanol  nnlfona  amtntwrftwD  of  tbe  pamalMa  wUb  Ibi  Uood  oaniuiiilw 
•boonibouM  bo  nutdt  lo  order  to  ten  •  cemvi  coocciHton  of  ilMlralM. 
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riwarfod.  It  never  attains  the  size  ot  the  tertian  form.  All  the  stx\3S 
lejulin^  to  complelcd  sej^iiieiitation  are  seen  in  the  peripheral  blood. 

The  gametes  are  not  well  known.    <'a.ses  of  (|uartan  n.rv  n-lativi-lv  rare. 

Oeneral  Observ&tioiu. — [t  should  be  remembered  that  there  is  no 
(|iiuticliit]i  form  in  this  country.  Qiintiilian  paroxysms  are  either  a  double 
tertiitn  or  a  triple  fjuarlati  iiiffctioit. 

It  is  also  interesting!;  to  note  that  the  fever  cur\'e  liecopies  atypical 
even  in  those  eaaes  in  whieh  no  ([itinine  has  lieeii  given.  The  excur- 
sions will  be  less,  but  the  temperature  will  stay  up  longer  and  drop 
more  j[radually;  or  there  may  be  two  consecutive  paroxysms  usunlly 
varj'ing  in  intensity.  The  pamaitic  forma  in  the  blood  will  vary  accortl- 
ingiy. 


Fin.  1.M 


Q   ©®  ® 
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OoMUntrpo-  32  to  St.  yaiiiis  fontw;  &\ti'».  lun^ency  to  UdiI  hirnuUon;  3T  Lo  29.  *etiiavnu- 
Mod.    (All  fonns  drawn  rratn  stnlnEiI  »in««n.) 

The  relati(ii]ship  Ijelween  seKraeatation  and  paroxysm  is  always 
noted  in  tertinn  coses,  and  it  is  reasonable  to  suppose  that  the  occurrence 
of  the  paroxysm  is  referable  entirely  to  the  lilwrution  of  toxic  substances 
resulting  fronj  metabolic  activity  of  the  parasite  within  tlie  corpuscle. 
That  there  should  ht  a  toxic  pixuluct  .wems  highly  probable,  and  its 
Amount  must  W  consirjerable  in  heav^'  infections.  Cases  ahowinfj  an 
infection  iif  1  to  o  jmt  cent,  of  all  cnrpiiscles  are  not  infrequent;  the 
destruction  of  from  oO,OIX)  to  200,000  or  more  corpuscles  per  cubic 
millimetre  of  blood  leads  to  (lie  rapiil  ileKloliularizalion  of  the  hlood; 
hence  the  deficiency  in  ntmilH'rs;  add  to  this  the  effects  of  the  meta- 
bolic products,  and  little  is  left  to  the  imajii nation  to  explain  the 
pronounced  amemia.  Furthermore,  the  coqiusculur  remnants  will  be 
largely  carriwl  to  the  spleen;  hence  its  hyperplastic  condition  and 
pigmentation. 

.S'lalanai  parasites  cjtn  always  readily  Ix*  found  in  recent  primarj' 
uifeellons,  and  it  is  usually  only  in  old  cases  that  the  search  becomes 
dilKcnlt;  one  is,  Iiowi'ver,  gt-nernlly  rewarded  by  fimling  them  if  one 
Uuks  long  enough  for  them. 

A  helpful  sign  is  tlie  fiiiiling  of  pigment  in  mononuclear  leukocytes, 
which  are  seen  about  the  time  of  a  chill,  or  to  the  period  syniptom- 
aticully  cttrresprjndiug  to  it. 

Free  pigment  cannot  hv  used  us  a  means  of  diagnosis,  as  it  may  be 
imposaihli;  to  lell  it  from  dirt  or  dait. 

A  small  dftse  of  (juinine  may  drive  all  parasites  of  the  raonogony  out  of 
the  peripfieral  rirrularion;  at  all  events,  the  finding  of  them  becomes,  in 
the  aViseiiee  of  gamelfx-ytes,  a  niutter  of  time  and  experience,  especially 
also  as  (hey  may  be  much  altered  in  apjjeamnce. 

Intininiily  from  malaria  appears  lr»  exist  as  niiturjil  and  acquired 
immunity.  Whether  the  usual  assertion  that  contniction  of  disease 
by  pyogenic  micro-organisms  dcpenils  upuu  a  lowering  of  the  resist- 
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ance  of  the  bwly  holds  good  in  the  case  of  these  protozoa  ia  uncertain. 
Studies  made  by  me  on  over  fifty  birds  infected  with  proteosoma  showed 
that  (1)  young  birds  invariably  became  infected,  while  old  ones  rarely 
did ;  (2)  objective  symptoms  in  young  birds  were  much  more  pronounced 
than  in  previously  healthy  older  birds;  (3)  old  birds  whose  resistance 
appeared  to  be  lowered  by  disease  were  readily  infected;  (4)  reinfection 
of  all  birds  appeared  to  be  negative. 

The  Malazia-eaiTying  Moaqnlto  (Anopheles). — Only  generalities  can 
here  be  considered.  The  common  mosquito,  often  day-flying,  belongs 
to  the  culicidse;  it  cannot  carry  human  malaria.    It  is   distinguished 

Pio.l» 


Ciilez. 


Anopbelus. 


Aitopbelca. 


Culex. 


(From  Dofleln.) 


from  its  night-flying  or  dusk-flying  relative  by  its  assuming  a  different 
posture  on  the  perpendicular  w^all.  While  the  culex  holds  the  body 
more  or  less  parallel  with  the  surface,  the  body  of  the  anopheles  stands 
off  at  a  marked  angle. 

Wings  of  culicidip  are  unspotted;  those  of  Anopheles  macultpennis 
and  Anopheles  punctipennis  are  spotted. 

The  pn)boscis  of  anopheles  points  toward  the  resting  surface,  while 
that  of  culex  does  not  do  so. 

Anopheles  varieties  bite  usually  in  the  early  evening,  while  those 
of  culex  bite  almost  at  »nv  hour. 
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Tiie  male  mos(|i]ito  is  readily  toM  from  the  female  by  its  plutned 
nntennue,  those  of  the  female  being  ineonspicuoiis. 

The  Cycle  in  the  Mosquito.— If  iin  oitliiiar\-  masquitu  (culex)  b  allowed 
to  imbibe  tlie  bhirxl  of  a  malarial  ciulient  whose  blood  shows  gameto- 
cytes  there  will  be  simply  a  digestion  of  such  blood  in  the  mosquito, 
but  no  auaiotiiieid  fhanges.  If,  however,  an  aiu»plieles  mosquito 
ingests  such  blood,  immciiiHte  changes  follow.  It  shouhl  Iw  remembered 
that  only  fcnmlc  mosqiiitws  bite;  hence,  they  alone  can  be  n^ponsible 
for  the  spreaiting  of  the  disease. 

The  flagellation  of  the  male  parasite  described  above  will  promptly 
take  place;  the  free  fiagella  conjugate  with  the  female  element  in  a 
manner  coitiparable  tn  llie  impregnation  of  the  ovum  of  higher  animals 
by  spermatozoids. 

Sekivtut  nf  iM^le  ryWc. 

^W"  W  J*  j^^ 
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eluimber  aiaenttiiM  ahawm  mo    iiii^filaiiaii. 


Jnffftion  nf  Mnn  thrmtgh  iiiutro-inlmtitiat  iimd 
rfjjiiratorfi  Irttrl,  ikf  iufrftfd  nioaf[iiila  djfiHf 
IN  walrr,  Hrsin^  in  rrii-  or  »nrkinil  pliinl-Jtiie**, 
inf eating /reAh  rnffftaitlfa  •  ihfnrftUuf] 


This  j)ro<hirt  of  conjugation  remains  for  a  nmiiber  of  hours  in  the 
juices  of  the  chjTiie  stomach  of  the  mosquito,  changing  gradually  from 
a  spherical,  immotile  body  into  an  elongated  wonulet  endowed  with 
mulility.  This  pcoetrales  the  epitlieiinl  lining  of  the  stomach  and 
rests  in  the  tissues;  here  it  changes  iuttj  an  oval,  then  into  a  round  hofly, 
wliicli  grrms  in  the  eonrse  of  llie  next  few  iltiys  enurmously,  forming  a 
cj'st  which  pn>jeets  into  the  body  cavity.  Meanwhile  ihp  chromatin 
will  have  been  very  active.  It  will  have  divitled  into  numerims  nuclei, 
which  become  arranged  around  imielive  portions,  and  Klamentous 
sporozoites  develop  from  this  chromatin.  These  3|>orozoiles  ultimately 
Hll  the  cysts,  which  nipture,  setting  them  free  into  the  cavity  of  the 
mosquito's  body;  they  (hen  make  their  way  to  a  glandular  stnicture  in 
the  thoracic  ca-vity  of  the  insect,  the  so-called  salivary  gland,  which  in 
turn  Is  in  immediate  connection  with  the  biting  and  sucking  appamtus. 
If  now  such  an  infected  mosquito  "bite-s"  a  human  Wing  the  lubri- 
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eating  fluid  nf  (he  piincttinng  apparatus  will  carnr*  sporozoites  into 
the  bliKxJ.  The  stages  of  development  in  tlie  mosquito  require  about 
seven  tltiys. 

Suining  Methods.  Khklich's  Triacid  Stain.— Uasui  table  for 
deiiionstrulioii  uf  inulurial  parusitea. 

Jkkxer's  Stain.— ricar  picture.^  of  parasites,  which,  however, 
show  no  chromatin;  hence  unsuitable  for  study  of  finer  dilTereutial 
points. 

Nocax-RoMANowsKY  McTaoD.— Very  suitable,  but  requires  accu- 
rate mixture  of  sewral  fluids  just  before  using,  which  then  liave  to  be 
thrown  away. 

Wright's  Stain.— Practically  identical  with  Goidhurn'.';  one-solu< 
tion  stain  (vide  infra),  but  less  rapid;  ix>werful  chromatin  stain  and 
general  bluoii  stain. 

PoLTcrrRoME  Methylene  Blue  (Goldhorn). — To  prepare  the  stain 
dissolve  1  gram  Hthiiint  carbonate  in  200  e.c.  clean  water  and  add  1 
gram  methylene  blue.  Shake  and  dissolve.  Pour  info  iM)rcelain  dish 
over  water-bath,  stirring  frequently  until  blue  color  changes  to  a  rich 
purple.  Run  through  cotton  in  funnel;  make  up  to  200  c.c.  To  100 
c.c.  add  5  percent,  acetic  acid  until  a  Faint  pink  is  just  visible  on  litmus 
paper  alcove  level  of  point  discolored  by  Uic  <\ye.  Now  add  the  remain- 
ing 100  c.c.  of  live  and  allow  to  stand  in  open  cji.sh  for  forty-eight  hours. 
Run  once  more  through  cotton  into  clean  bottle. 

I  have  not  found  it  necessary'  to  use  ilLstilleil  vviiter,  and  have  obtaine<l 
satisfactory  results  with  all  the  differLMit  forms  of  methylene  blue  I 
liave  been  able  to  obtain  during  the  past  five  years.  I  now  prefer 
B-X  Gruehler. 

Fix  the  smear  by  immersion  in  commercial  wood  alcohol  for  fifteen 
to  tliirty  seconds;  wash  well  and  stain  for  alx)ut  ten  to  fifteen  seconds 
in  polychrome;  wash  and  stain  for  from  fiftiwn  to  sixty  seconds  in  ^ 
per  cent,  aqueous  eosin.  Wash  again  in  water  and  dry  In  air  without 
heat.    Borly  nf  para.sites  blue;  chromatin  Is  red  to  purple. 

Results  may  Iw  varietl  by  using  polychrome  or  eosin  for  different 
lengths  of  time.  Afindrable  preparatinits  may  be  obtaine<J,  even  when 
there  is  precipitation,  by  just  rinsing  the  smear  a  little  in  50  per  cent. 
ethyl  alcohol.     This  will  remove  any  precipitation. 

The  simplest  methyl  of  staining  the  parusite  is  probably  the  follow- 
ing, recommended  by  me  for  the  stauiing  of  mast-cells:  Saturate  wood 
alcohol  with  metliylene  blue.  Pour  on  dry  su>ear  for  five  to  ten  seconds 
and  wash  in  water.     Parasite  blue. 

GoLDtroHx's  OsK-aoLi'TioN  Stain. — ^To  Goldhom's  pol^'cbrome 
methylene  blue  (vide  supra)  add  weak,  waterj-  (^  to  =^5  per  cent.)  eosin 
until  the  liltrate  is  of  a  pale-Mue  color;  the  exact  amount  of  eosin  will 
depend  upon  the  degree  of  alkalinity  of  the  polychrome  and  upon  the 
amount  of  unalleitHl  methylene  blue  in  the  polychrome. 

The  precipitate  is  washed  with  water  and  dried  without  beat  and 
protected  from  dust.  When  absolutely  dry  it  is  dissolve*]  in  commer- 
cial wood  alcohol,  makuig  a  1  to  2  ]mt  cent,  solution. 
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The  smear  is  dried  without  heat  and  held  for  a  second  or  two  in 
the  riye.  It  Is  then  ilipped  slowly  into  a  vessel  with  clean  water,  flm 
»ide  dovm;  it  shciild  not  be  pkiuged  into  the  water.  Tlie  sUiining 
depends  upon  the  interaction  of  the  wnter  with  the  film  of  dye  adhering 
t<»  the  bIot>tl.  Hold  preparation  iti  the  water  for  a  few  scc-oiids,  then 
move  it  about  for  a  moment,  and  rinse  in  clear  water;  clean  lower  side 
of  the  slide,  as  precipitation  will  have  taken  place  here;  hence,  do  not 
introduce  into  water  \ni\\  Klin  side  up.  Dipping  the  preparation  for 
a  moment  into  50  per  cent,  ethyl  alcohol  removes  smudges  and  pre- 
cipitate. 

Mode  of  Infection. — While  it  is  proliable  that  infection  with  nialurial 
sporozoites  occurs  in  the  great  majority  of  cases  by  the  bite  of  an 
infected  mostpiito,  there  seem  to  be  caries  in  which  the  Infection  has 
taken  place  in  some  ether  way.  INIosqultoes  normally  feed  on  plant 
juices;  to  obtain  their  fo<xi  they  insert  their  ])roboseis  into  the  plant 
tissues.  Is  it  then  unreasonable  to  suppose  that  such  a  plant  would  be 
infected  in  a  manner  analogous  to  the  manner  in  which  the  human 
blood  is  infccte<l?  Why  should  not  such  a  vegetable  eaten  uncooked 
cause  an  infection  through  the  gastrointestinal  tract?  .\gain,  infected 
mosquitoes  after  ovi])ositiiig  may  die  in  the  water,  and,  partaking  of 
aueh  water,  might  lead  to  infection;  or  if  the  insect  dieil  in  llie  0[>en  air 
tlie  sporoxoites  might  be  carried  by  nir  currents  and  infect  through  the 
respiratory  tract. 

The  fact  that  with  the  exteniiinatiou  of  the  anopheles  varieties  mala- 
rial fevers  in  man  would  be  made  im|)ossible  remains  established;  the 
parasite  must  have  its  chance  of  rejuvenescence  in  the  moscpiito's 
stomach. 

Hitherto  no  experiments  have  been  made  to  show  the  possibility  of 
sporozoite^  penetrating  the  papillary  walla  of  the  lung  tissue  or  those 
nf  the  nnicmi.s  ini-iiibntnes. 

Malarial-like  Organisms  in  Other  AnimaU. — Two  varieties  of  nmlarial 
partLsitcs  liavp  iM-en  found  in  binis,  the  pnileosonni  [HtemaviAnha 
rdicta,  Cytasfioron  danilewskyi)  and  the  Hnlteridium  (ha'moprotcus). 
■The  development  of  each  seems  to  be  wry  sindlar  to  that  of  the  human 
malarial  organism.  The  life  cycle  of  the  prtiteosoma  is  the  better  known 
of  the  two.  The  asexual  cycle,  or  schizogony,  is  best  studied  in  artifidally' 
infected  birds  (canaries).  The  sexual  cycle  occurs  in  the  gnat  {Cidex 
pipiens). 

Conjugation  of  malarial  organisms  was  6rst  observed  by  MacCaltum 
in  the  genua  Halteriflium  in  birds,  and  his  di.<icovery  gave  the  first  clue  to 
the  nature  of  the  llagella. 

Malarial-like  organisms  have  also  been  found  in  monkeys,  cattle, 
and  frogs,  but  they  have  not  been  minutely  studied. 
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^mOPLASMA  BIGEMIXUM— TIIE  MICUOSrOllIDIA-BAr.A\TinrL'M 

COLI. 


Oenas  PiropUsma  Smith  and  Kilborne  (l>t93). 

It  was  not  un(il  ISSS  ilitit  ihen.-  wus  a  hint  as  to  tlio  real  natuir  of  the 
actual  cause  of  "Texas  fever"  and  nllieij  diseases  wliicU  attuck  Held 
cattle  in  many  parts  of  the  world,  llien  Bal}es  dcscrilxrd  inclusions  in 
n^l  blooii  cells  in  Roumanian  cattle  sick  with  the  disease.  t]iou}i:h  he 
ilid  not  decide  upon  the  nature  of  the  orpinisni.  No  new  studies  were 
re|>orte<l  until  1S93,  when  Theobald  Smith  and  KillMinH*  gave  such  a 
Ciimplete  drsi-ription  of  this  disejLse  und  iis  cause  a-s  iwcurrinj^  in  Ti-X4is 
cattle  that  little  that  is  new  has  since  l>ern  distovcrefl. 

Tliese  authois  descriU*  iis  the  cause  of  Texas  fever  pignient-frce. 
amoeboid  parasites  appearing  in  various  forms  within  the  retj  blood 

cells  of  infecte<l  animals.  The  oi^n- 
isnis  may  Ih?  irivpdarty  n)nnd  uii<l  lie 
singly  or  they  may  I>e  in  )>ear-5haped 
twofi,  unite<j  by  a  Hue  line  of  prolophum. 
Because  of  these  double  |tear<{ihape'l 
forms  Smith  and  Killtome  nameil  the 
orgnuisui  pyrr>snma  bigeininum'  tiiid 
placed  it  among  the  h^'iuosporidia. 
These  authon*  also  showed  that  the  contagion  was  carriol  by  a  tick 
(BoSpkiius  bovU).  Tlieir  work  has  Iteen  corrotwniletl  by  many  investi- 
gators in  different  parts  of  llie  world. 

ICoiphologT  of  th9  Parasit«.— In  the  examination  of  fresh  blood  ofj 
9ck  cattle  under  KKXJ  dianietera,  ac(ror(ttng  to  Smith  and  KillMirue 
are  seen,  in  the  red  blood  rolls.  <louble  |}ear-sha)>ed  forms  and  .^in^H 
rounded  or  more  or  less  irrepriilar  forms.    The  size  varies,  though  (.■• 
enilly  it  is  the  same  among  the  Utiles  in  the  same  re<l  blood  cell.    T 
average  size  is  2/i  to  4/i  long  and  1  J«  to  2«  wide.     The  puinled  enils 
the  double   form   an-  in   ajifHisiliuu   and    gttnemlly  touch,  thougl 
unstained  specimens  a  connection  between  them  cannot  !«•  seen, 
axis  forms  either  a  straight  Hue  or  an  angle.    The  protoplasm  1 
pale,  non-grunular  ap{jearunce,  and  is  sharjily  s<^>pantletl  from  the  p 
plasm  of  the  including  red  blow!  cell.    The  small  forms  are  gcn« 
fully  homogeneous,  whereas  the  larger  ones  often  <ronCain  in  the  n 
ends  a  large  roundeil  bo<iy,U.l/i  to0.2/i  in  size,  which  u  ven-  gli. 


rtQ.w 


PUefduoM  i>igainluaiK,alwwlnspMr- 
■bcptd  tomu  In  enrrtd  and  iimlAtat 
tAfter  Kflael  uti  Webeni 


Tin'  oiiiii-ilr  ruuiH'  I'yroMnut,  aIkmIj  In  um  tar  m  wtlUkiMWU  AtciOIui  ^nw,  »w 
Irr  1-alluu  in  IMK. 


PIROPLASMA  BIGEMISUM 


515 


and  lakes  a  tlarker  stain.  U'itliin  tlie  lar(;e.st  forms  in  the  centre  of  the 
tliick  I'uil  is  u  larj^'  njimd  or  ovhI  body,  0..j/i  to  I^,  wliicli  soiiictinies 
shows  auKcboid  motions.  The  motion  of  the  whole  parasite  on  the  warm 
stage  is  uot  produced  bv  the  fonuution  of  distinct  pseudopods,  but  by  a 
constaDt  change  of  the  [wundarv.  The  changes  can  succeed  each  other 
so  quickly  that  it  Ls  .scanrly  possible  to  follow  them  with  tlie  eye.  'ITie 
motion  may  persist  for  hours.  The  single  ones  show  motion,  while  the 
double  ones  remain  unchanged.  The  parasites  take  most  basic  aniHne 
stains  well.  Medivlene  blue  Ls  e.s[iecially  recommended.  The  Uonian- 
owsky  method  or  its  iiiodifii-ations  give.->  the  Im-s|  nvsnlt.s. 

The  nundier  of  red  tvUs  infecie<l  is  abnut  1  per  cent,  of  the  whole. 
If  the  number  incn.-us»'s  to  5  per  cent,  or  10  [ht  cfiit.  it  generully  means 
the  dentil  of  the  animal.  The  parasites  quickly  disappear  frtun  the 
bloo<I  after  the  disapjiearance  of  the  fever.  In  fatal  ca-ses  many  para- 
sites are  found  in  the  red  IjUkkI  cells  of  the  iiiteriial  organs.  They 
Taiy  in  number  according  to  the  stage  at  which  death  occurs,  are  most 
abundant  in  the  kidneys,  and  are  found  in  fewer  numbers  in  the  liver, 
spleen,  and  other  internal  organs. 

The  complete  life  cycle  of  the  organism  is  not  known.  AcoonJing 
to  Smith  and  KiUMH-Mc  tiny  niotih'  spon-  forms  enter  tlie  n-A  hltHxl  cells 
aud  diviilf,  the  two  purls  remaining  tivgether  fonuing  diplw-fcns-like 
bodies.  These  forms  increase  in  size  and  pn«iucc  the  peft>sha]»ed 
bodie-S.     How  the  small  forms  are  prwluced  from  these  is  not  known. 

R.  Koch  has  dcscrilKi'd  a  bacillar  form  whicli  he  found  in  large  lumi- 
bers  in  re^J  blood  cellfi  of  acute  fatal  cases  in  East  Africa.  Between 
these  and  the  pear-shaped  fonns  he  found  eiII  grades.  He  considers 
them  young  forms. 

Ziemann  showetl  liy  the  Rumanciwsky  method  that  the  parasite  eon- 
taine«l  clmmiatin  staining  nmteriiil  situated   at  or  nejtr  its  jieriphery. 

KtJssel  and  Weber,  who  studied  the  pai^wite  found  in  hienniglcibinuria 
of  cuttle  ill  Finliiiid,  give  the  fulluwing  de-scription  of  the  specimens 
staiiKvJ  acTor.ling  to  Romanowsky: 

"The  smallest  forms  appear  as  liny  rings,  about  une-si,\lli  the  diameter 
of  the  red  blood  cell.  The  rim  of  the  ring  takes  the  red  stain,  while  the 
rest  appears  blue.  Forms  a  little  larger  are  irrt'gnlar  in  outline  and 
alrca<iy  show  an  arrangement  of  the  chromatin  into  two  parts,  which 
are  more  di.slinrt  in  larger  panisitt^  and  which  (irntlly  Itet'ome  separated 
into  four  parts.  In  the  hirge,  double,  peur-shapeil  panisites  ttie  chro- 
matin is  generallv  silniiti-il  at  the  p4iles,  inon-  seliUim  near  the  middle." 

No  division  fonnssimilar  to  thos?  seen  In  the  sporu luting  stage  or  schiz- 
ogony in  mahirin  have  Ix-eti  .seen.  Neither  has  a  *e.\ual  cycle  in  another 
host  similar  to  that  of  the  malarial  parasite  in  themos*piito  Ix'cn  oljserved. 
Smith  and  KilUorne  .showed  that  the  infection  i.s  cau.'iied  by  the  lar\'a  of 
a  s|)ecie-s  of  tick,  SoopkUus  bouis  Curtis  (rhipicephalus  annulatusj.and 
KoRseJ  gives  Ixodejt  Tedivius  )is  the  tick  causing  transmission  t)f  the  germ 
in  the  ha>moglobiiiuria  of  I-'inhuid  cattle.  \Ve  know  nothing  of  any 
changes  going  on  in  the  }iJinLHile  in  its  jMissage  through  the  tick.  The 
ticks  fceiling  upon  the  blood  of  cattle  and  other  mammals  l>ecoiue 
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sexually  mature  at  their  last  moult.  Tliey  then  pair,  and  the  fertilized 
females,  after  porffing  tlienisi-lves  with  tlie  blow!  of  iheJr  lnwt,  drop  to 
the  ground.  Kaeh  feinnle  then  lays  about  2000  ej^,  and  within  the 
sliell  of  each  egg  a  large  quantity  of  blood  is  deposited  to  sene  as  fi»od 
for  the  developing  cnibrj'o.  The  fenuilc  then  shrivels  up,  becoming  a 
lifeless  skin.  The  newly  hatclied  larva-  containing  in  their  alKlomeiis 
some  of  the  mother-blood,  crawl  aliout  until  they  either  die  fnimstan-a- 
tion  or  have  the  opportunity  of  pjussiiig  to  the  skin  of  a  fresh  host.  If 
the  mother-tick  ha^  dmwn  its  supply  of  blood  from  cattle  infected  with 
piroplasnia,  lirr  larva*  are  born  uifccted  witli  the  jiarasile  and  lieconie 
the  means  of  rlisseininating  the  disease  further.  This  mode  of  dissftui- 
nation  cx|)]ain.s  the  long  ineul>alinn  period  of  the  disease  (forty-6ve  to 
sixty  days^thirty  days  for  the  development  of  (lie  larva*  and  the  re- 
mainder for  the  <levelopment  of  the  parasite  witliin  the  host).  It  is  po§- 
aible  that  the  lick  enibn'o  aw|Liires  the  infection  secondarily  from  the 
blood  it  alworhs  in  the  egg,  and  that  the  i>arBsites  do  not  pass  through 
the  ovum  itself  as  in  nosema  huinbycis. 

It  \s  not  known  whether  among  the  pimplasniata  descril>ftl  as  occui^ 
ring  in  cattle  in  various  puns  of  the  world  there  are  different  varieties. 
They  .seem  to  be  morphologically  very  similnr  and  to  proihiee  similar 
fliseases-  So  far  it  hits  not  In-en  possible  experimentally  to  inoculate 
animals  other  than  cattle  with  these  parasites.  Calves  witlistand  the 
infection  Ix'tier  than  older  animals  and  a  certain  degree  of  inniiunltv 
is  reached  in  some  of  the  older  cattle  in  infecti"d  districts.  The  piro- 
plasmata  taken  in  by  such  animals  may  n-niain  us  harmless  parasites 
for  some  time.  If,  however,  such  cattle  are  weakened  from  any  cause, 
their  resistance  to  the  organism  may  be  lowered  ami  they  may  there- 
foiT  prt.'i.s  thrifugh  u  nioiv  or  less  severe  attack  of  the  fliseiuse. 

Symptoms  of  the  Disease. — Fever  (40°  to  42°  ('.),  aiinrexia,  weakitew, 
incn'used  pulse  an*!  resplntlion,  decrciised  secretion  of  milk,  hiemo- 
globinuria  at  the  height  nf  the  fever,  causing  the  urine  to  appear  dark 
red  like  port  wine  or  darker.  The  unne  may  contain  albumin  even  if 
the  hiemoglobinurin  is  »lisent.  but  thert'  are  no  red  blood  cells  present, 
the  ctjlor  being  due  to  the  coloring  matter  only.  There  is  icterus  of  the 
mucous  membrane  if  nuich  blooil  i.s  dostroywl. 

The  prognosis  varies  in  vlifferent  cpiticmics  from  20  to  60  per  cent. 
Death  may  ocenr  in  three  to  five  day.s  after  Krst  s^'niptoms  appear. 
Recovery  is  indicated  by  a  gradual  fall  of  the  fever. 

The  only  trcatini-iil  fnini  which  any  results  have  been  obtalnetl  is 
cpiiniiie  in  large  doses.     Tliis  seems  to  have  hel|»eil  in  some  epideniit^. 

Prophylaxis. — Stalled  cattle  are  not  infected,  but  it  is  impracticable 
lo  keep  large  henls  of  cattle  stalled-  If  the  cattle  are  kept  fnim  infected 
fiekis  for  one  or  two  years  and  other  animals  (horses  and  mules)  aic 
allowwi  to  fee<l  there  the  licks  may  disappear.  The  burning  of  the 
fiekl  for  one  .wason  may  have  a  good  effect.  If  animals  cannot  be  taken 
from  infecteil  lietds  such  tieUJs  should  be  enclosed. 

Ticks  on  animals  may  be  killed  by  allowing  the  entile  to  (miss  tlirough 
an  oil  bath  [paraflin,  eotinnseefl  oil,  etc.),  whereupon  the  licks  tlir  fnnn 
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suffocation.  Tlie  bath  should  be  repeate* 
any  lan-a:  which  may  have  developed.  AH  aniinub  sent  fnjm  infected 
regions  shoulil  i-eceive  this  treatment.  ADiiniils  apparently  heftltliy 
before  the  treatment,  after  the  flisturhing  inHuenee  of  the  balli  ofteu 
develop  the  diseiusi-  in  an  aeute  form  and  die. 

Certain  binis  in  Australia  seem  to  feet!  on  the  ticks,  therefore  such, 
birds  miglit  be  propagated. 

Various  attempts  have  l»eeti  made  to  give  protection  hy  the  inoculation 
of  fresh  (not  older  than  two  to  three  days)  blood  fnim  sliglitly  infected 
animals.  Some  partial  results  have  Ijceii  rcjiorted,  espee!»lly  when  tlie 
inoculations  were  made  thirinj;  the  cold  moiilli:}.  In  Australia  the 
inocuktion  of  defibriiiaterl  blood  from  animals  which  have  just  recov- 
ereil  from  the  infection,  but  whose  blood  still  contains  some  parasite, 
has  been  iried.  Sra-h  iniicnliitiinis  .should  he  followed  by  a  sli;jiit  attack 
of  the  tli.si*ase  in  onli-r  to  >;ive  protection.  So  far  no  absolute  protec- 
tion has  been  pruduccd,  neither  doi-s  the  parasite-free  senim  of  animals 
which  have  entirely  recovered  from  the  disease  seem  to  eontain  pro- 
tective qualities. 

llwmosporidia  similar  to  those  descril*ed  in  t\\e  IiaMnoglobinuria  of 
cattle  have  been  found  in  ilops.  sheep,  horses,  and  pigeons.  Nf>canl 
and  Motas,  who  have  made  the  most  complete  study  of  these  para- 
sites in  the  raalif^nant  jaundice  or  ha-mnglohiiuiria  of  dopj,  state  that 
though  the  para.'iites  are  mor|)halogically  similar  to  those  itifeeting  cattle, 
yet  it  is  impassible  to  infect  cattle  or  any  other  animal  tried  witli  them. 
They  form  tlicn-fdM-  ;\  [iliv-itiiluf^ieal  variety. 

PiropUsmata  in  HmnanBeings.—He<*ntly  Wilson  And  Chowninghave 
reported  the  infection  of  man  liy  an  orgatnsra  similar  to  the  piroplasma 
bigeminum.  The  ca^cs  in  which  they  slate  thai  they  found  the  organisni 
were  those  of  "spoite^l  fever"  ("'black  fever,"  '*blue  disease")  in  Mon- 
tana. .\ccording  to  these  investigators  the  first  case  of  this  fever  oectirtT'd 
in  this  vicinity  in  \S7'.i.  Since  then  probably  200  cases  of  tlie  severe  ty[>e 
have  occurred,  with  a  mortality  of  70  to  S()  percent.  The  disease  occurs 
chiefly  in  the  spring.  The  symptoms  are  chill;  pains  in  joints;  eon-sti- 
|>alion;  fever  witii  morning  remissions  reaching  103"  to  104°  on  the 
second  day  of  ap|>eanince  and  u  iiiaximiim  uf  10,'>'^  to  107°  In  five  to 
seven  days,  diminishing  at  the  end  of  the  second  week,  and  nonual 
two  to  four  week:i  later;  piirjjuric  enijition  over  the  entire  body,  appear- 
ing from  tJie  second  to  the  fifth  day  after  the  chill  and  ir-acliing  a  maxi- 
mum in  one  to  two  days;  slight  jannflice;  muttering  delirium  just  Itefure 
death;  puLse  and  respiratiun  very  nipid;  urine  slightly  albuminous, 
with  granular  and  hlood  casts.  The  authors  stitdied  23  ca.ses  during 
1902  and  l!K)3,  and  in  all  of  these  they  say  that  they  found  the  organism^ 
within  the  re<l  blnrifl  celb  in  most  instances,  but  sometimes  between  the 
cells,  few  in  ninnlier  in  some  of  the  cases,  many  in  the  others.  The 
time  of  tlie  appearance  of  the  organism  during  the  course  of  the  disease 
lias  not  been  determined.  The  authors  di-scribe  the  organism  as  vary- 
ing somewhat  in  size,  form,  and  staining  reaction.  In  general,  they 
state  it  closely  resembles  the  piroplasma  bigeminum. 
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lM(K-nl»ti(iii  expo  rime  I  its,  uii-onliiifr  tu  lliesc^  uutliurs,  show  rabliits  (o 
be  slightly  susceptible,  iiiasmucli  as  the  or^nisms  cause  slight  fever 
nml  reinnin  for  a  long  time  in  the  blood  without  apparent  harm. 

The  iiuxle  of  infection,  the  authora  think,  Ls  proi)ahly  through  the 
bite  of  ticks,  ineinl*er8  of  the  genus  Dermacetiior.  These  results  have 
not  yet  l>een  ci)rroborate<l.  On  the  contrarv,  some  good  authorities 
state  that  the  IxMlies  tiescribcil  by  Wilson  and  ('howning  as  oif^nUmj 
are  artifacts,  and  that  there  is  no  evidence  to  show  that  the  disease  in 
question  is  caused  by  u  protozoan. 

Onidosporidia. 

Subclass:  Neosporidia. 

Ortler:  Cnidosporidia. 

Suliftrder:  Microsporidia. 

The  cni<Iosporidia,  or,  as  the  whole  group  is  slill  sometimes  calledj 
the  myxfispondia,  is  one  of  the  most  populous  and  abundant  gmnps 
of  the  spon-nttMi,  showing  givat  .sfruclurnl  variation  us  well  as  divergence 
in  mode  of  life.    Nevertheless  the  members  have  as  a  group  the  follow- 
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Kuwnu  bmnbjalB:  I  uifi,  Bpins  ritfiiukUon ;  ■,  intieUA  roUtcl«  of  MBUel«;  7,  Kporat;  «,  h.  Ash; 
e.  it.  tmud  wllti  nitric  iidil.  The  ncl-i  ctuae*  Ibom  la  »vr«ll  up  utA  locrauo  In  ■!«■  by  u  1«Mt  • 
btdf.  u  lbs  Mune  time  wkUuk  Uie  pulAt  ot^mile  dinluoL    In  d  Um  IIImiimu  !■  eitnulel.    lAtva 

BAlhlUll.) 

ing  well-Hiarked  chanicterislics:  The  tmphozoite  Is  amtrboid:  spore 
fomtation  Ikegins  at  an  early  period  and  proceeds  conlinuously  iluriog 
the  growth  of  the  tmpliozoite;  the  spoivs  are  proflucetl  endogenouslj* — 
i.r.,  willuii  the  pn>toplttsni  of  (he  trophoKoite,  and  eiich  spore  alwaya 
p«>ssesses  mie  or  mnre  very  distinctive  stnictures,  "the  polar  cu[»sules.*' 
rhe  cnidoH|Hiriilia  an  habitants  of  fishes,  reptiles,  arthnipods,  and 
some  other  classes  of  animals. 

The  microsporidia  infest  especially  artlirupods,  causing  often  most 
vinileut  epidemics.     The  must  intcresluig  member  of  Uiis  group  is 
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No»«ma  bomhycit,  the  cause  of  silkworm  diseaae  (Purine).  The 
orgunisni  rnrnis  manv  small  spores  each  with  one  polar  capsule.  The 
spores  arc  carried  l>v  the  foiHl  iiitu  the  intestinal  camil  of  the  caterpillar, 
puss  through  the  walls  of  the  Intestines,  and  infect  all  orjians.  Spores 
louud  ill  the  ovarv  may  Ik*  carried  over  to  the  newly  hatched  silkworms, 
thus  causintr  a  further  dlsseraiiiation  of  the  disease. 

The  oilier  memljcr  of  this  proiip  of  interest  here  is  Nosema  lophii 
(Uotlein).  Its  interest  lies  in  the  fact  that  it  has  been  found  to  infect  only 
Ihe  ganglion  cells  of  the  sea-devil,  thus  appan-ntly  resembling  in  its  para- 
sitic nature  the  oi^anism  causing  hydrophobia. 

Heterothcha. 

Class:  Ciliata.  • 

Order:  Ileterotricha. 

Genus:  Halantidium. 

Balantidium  coli  (Muhnst,  IS.'*") .  The  body  of  this  infusorium  is  egg^ 
sliapeil,  with  a  fnunel-shaped  inouth  u|x-uing.  The  surface  of  the  btnly 
is  covered  with  a  pelHcnla,  underwhicli  is  a  distinct  ectoplaainatie  sheath 
containing  rows  of  busal  granules  from  which  the  short,  fine  cilia  arise. 
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EtolAntl'tlam  '.-oil :  1.  2.  Kikfoa  of  dlvlaUm ;  3.  cnujupuian.    (ARer  Leookwt.) 


The  cloudy  entoplasm  contains  fat  and  starch  granules  and  may 
contain  many  red  blood  cells  ami  other  fiK>d  particles  from  the  host. 
Two  contractile  vacuoles  have  l>een  seen.  Posteriorly  there  is  a  small 
prominence  marking  the  place  wtiere  excreta  are  ejcpelled.  The  chro- 
matic ntacrnnuclciis  is  bean-shaped,  and  the  vesicular  micronucleus 
is  nearly  spherical. 

Dirision  is  transverse,  the  niaeroinicletis  dividing  by  simple  con- 
striction and  ihe  micronucleus  by  mitosis.  Conjugation  has  been 
observed.    Spherical  cysts  surtxuuidetl  by  a  thiek  membrane  arc  formed. 

Tlie  balantidium  coli  has  Ix^n  found  in  the  lai^-  intestine  of  huiuau 
beings  and  of  swine — probably  two  distinct  varieties.     The  variety 
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occurring  in  human  beings  has  been  found  in  about  60  cases,  principally 
in  Sweden,  but  also  in  Russia,  Scandinavia,  Finland,  China,  Italy,  Ger- 
many, and  the  United  States.  Most  of  these  cases  were  suffering  from 
severe  chronic  intestinal  catarrh,  often  accompanied  by  bloody  diar- 
rhoea. A  number  of  observers  think  the  balantidium  the  primary 
cause  of  the  catarrh,  others  think  it  a  secondary  excitant,  while  still 
others  believe  it  to  be  a  harmless  inhabitant  of  the  intestines. 

Schaudinn  has  describ&l  two  additional  species  of  balantidium  found 
in  the  human  intestines,  which  he  has  called  Bakmtidiuin  minutum  and 
Nydootkerus  ftiba,  probably  both  non-pathogenic. 


CHAPTER   XLII. 


PROTOZOAN-UKE  BODIES  IX  SMALLPOX  AND  ALLIED  DISEASES 
(COWPOX,  HORSEPOX,  SHEEPPOX)  AND  LN  SCARLET  FEVER. 

TuE  ejiiestion  us  to  the  chief  expiting  fai-tor  in  .smallpox  aiul  allied 
diseases,  aeeortliug  to  some  aiilboritifji,  is  still  undecided,  while  accord- 
ing to  others  it  is  settled  beyond  doubt.  These  latter  investigatot^s  con- 
sider that  certain  hrxlies  fuiind  chiefly  in  the  epithelial  cells  of  tlie  skin 
and  mucous  membranes  in  the  specific  lesions  of  these  diseases  are 
protozoa  catising  the  diseases. 

The  different  diseases  named  in  tiie  chapter  heading,  excepting  only 
scarlet  tewr,  if  not  identical,  are  closely  allied.  Indeed,  the  fulluu'ing 
facts  seem  to  prove  llint  at  lea-st  cowpox  and  variola  are  ver\'  closely 
related  dlscasrs,  if  itnl  tin-  same  disease:  First,  smallpox  virus  inoeu- 
lateti  into  calves  prvKJuces  after  passage  through  seveml  animals  un 
affection  exactly  similar  tu  cowpox.  The  stiecessfitl  in<Kulation  of  the 
first  series  of  cattle  from  smallpox  is  a  matter  of  great  difficulty,  but  so 
many  experimenters  have  asscrtc<l  that  this  has  Ik-lti  done  that  there 
seems  to  be  no  doubt  as  to  its  truth.  In  our  lal>omt«n"  not  one  of  many 
attempts  to  accomplish  it  has  been  successful.  .Second,  both  when  occur- 
ring in  nature  and  when  pmdncetl  by  experiment  the  lesions  of  the  two 
diseases  are  similar.  Thinl.  mnnkcys  have  been  siiccessfnUv  pri^tecte<l 
against  either  dls<*ase  by  previous  imx-ulation  of  the  other;  also,  obser- 
vations go  to  show  thai  hMiimii  beings  irioculattNJ  \vi(h  cowpox  vaccine 
are  not  susceptible  to  inoculation  with  smallpox  virus,  and  that  those 
who  have  within  a  varic<l  time  passc<l  thi'ouglt  an  attack  of  smallpox 
catmot  Ijc  inoculated  successfully  with  cowpox  vaccine.  These  facts 
seem  |»sitivcly  to  prove  that  the  two  <iiscase3  are  prmluceil  by  organ- 
isms originally  identical,  one  l>eing  moilified  by  its  transmksiun  through 
cattle,  the  other  through  human  l>eings. 

The  immunity  caused  by  successful  vaccinnticm  is  not  ]iermanent,  and 
varies  in  its  duration  in  different  iinltvidual-s.  Although  it  may  give  sonae 
protection  from  sinjtllpnx  for  ten  or  fifteen  years,  it  is  not  well  to  count 
CO  immunity  for  nioa'  than  two  years,  and  whenever  one  is  liable  to 
exposure  it  is  well  to  Ije  vaccinated.  If  this  vaccination  were  uimece^jsary 
it  will  not  be  successful,  while  if  it  is  successful  we  have  reason  to 
believe  the  iitdivi.luHl  was  open  to  at  least  a  mJM  smallpox  infection. 

Protective  Sabatasces  Presont  in  Uie  Serum  ol  *"im^^«  after  Saccessfol 
Vecctnation. —  It  liii^  \kxu  fre(juentiy  shown  that  the  blood  st-nim  i)f  a 
calf  for  several  weeks  after  successful  vaccination  possesses  feeble 
protective  properties,  so  that  the  injection  of  one  to  two  litres  of  it  into 
a  susceptible  calf  wuulil  prevent  a  successful   vaccimiliuu.     A  further 
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and  more  con\-incing  fact  has  been  demonstrated  by  Hii<I<Jl«toB 
an<\  nlhers,  nnmely,  tliat  when  nrtivp  vacrine  Is  mixed  in  certain  pro- 
porlioits  with  serum  from  an  uuliiial  which  hud  just  recovered  from  a 
siicccssful  vaccination,  and  the  mixture  Is  intKiiluted  into  a  siixeeptible 
animal,  tlierp  is  no  ivaction. 

Etiology  of  Variola  and  Cowpoz.-  It  htm  lieen  re|H-atedIv  .shown  that 
no  Ijiieteriu  siuiiliir  to  any  uf  ihe  known  forms  have  a  causal  relation 
to  these  diseases.  lu  our  own  labomtorj*  we  are  able,  by  tlie  inoculatiou 
of  rabbits*  skins,  to  produce  extremely  active  vaccine  virus  in  \Brge 
qnantities,  aksohitely  free  from  micro-organisms  as  grow  nnder  the  eurt- 
ilitioiisof  our  present  methods  of  bacterial  cultivation.  Sneli  pure  active 
vaccine,  wlien  emuIsiHed  in  eipinl  parts  of  glycerin  and  water  iiiid  fil- 
tered tlirougli  two  or  three  thicknesses  of  the  finest  filter  piiper,  gives  a 
slightly  opatesoenl  fittrate,  which  in  the  hanging  drop  under  high  magni- 
Bcution  shows  nmny  verj-  tiny  granules  with  an  tx-casional  larger  one, 
and  in  smears  sliows  no  forme<l  elements  giving  characteristic  stains. 
This  filtrate,  from  which  no  growth  can  l)c  obtaineil  on  artilieial  culture 
metlia.  when  rubbe<l  over  a  freshly  shaved  rabbit's  skin,  after  the 
metho<l  uf  Calmette  and  Gu^rin,  gives  an  abumlant  ty]>ical  reftctioii. 

These  facts  show  that  .some,  at  least,  of  the  infective  forms  cannot  Mi 
yet  lie  maile  to  grow  outside  of  the  bo<ly,  that  such  forms  are  very  liny, 
n[Kl  that  they  do  not  stain  eharacteri-stically  with  our  usual  methoils  of 
staining.  We  have  shown  also  that  the  infective  agent  cannot  pa-Hs  an 
onlinan'  Berkefeld  filter  under  forty  pounds'  pressure,  which  practi- 
cally rules  out  nitnmncnwcopie  fonns. 

Since  Guanii^re  in  1H92  claimed  that  certain  inclusions  present  in 
the  epithelial  cells  of  the  lesions  of  smallpox  in  a  rabbit's  conicu  (Fig. 
160)  were  parasites,  much  attention  hiLS  been  given  t<»  the  study  of  ihesa 
bodies,  commonly  known  as  "  vaccine  bother,"  yet  opinions  still  differ  as 
to  their  nature.  The  mast  recent  .<;tudies  of  jniporlanoe  of  these  bodies 
havt'liet'u  nt)uIe,oti  the  one  hand,  by  Counciltnjin  and  his  as.s«K'iate8,who 
believe  them  to  be  protozoa,  and,  on  the  other,  by  Kwing,  who  believes 
that  all  of  the  forms  sti  far  described  are  degeneralion  prihluctj*,  some 
specific,  others  not. 

Couneilmau  believes  that  there  are  two  cycles  uf  development  of  the 
"parasite,"  one  intracellular  and  the  other  intranuclear,  and  that  the 
intranuclear  infection  twcura  only  in  smallpox.  The  intracellular  cycle 
is  simple,  shoi^'ing  only  "multiplicative  reproduction,"  while  the  intrm- 
nuclcar  cycle  is  more  complicated.  pr*)bably  sexual  in  character. 
Calkins,  working  with  Councilinan,  has  deseril»ed  an  elaborate  cycle 
of  development  in  which  we  iH-Uevc  are  inehnled  niaiiy  fonns  due  lo 
degeneralicm  of  (lie  host  cells  alone. 

In  our  own  work  on  sections,  ■which  lia.s  exlendetl  irregidarly  (twr  a 
period  of  sevend  years,  we  liave  gotten  results  which  are  somewhat  con- 
ftising,  principidly  50  becnuse  of  the  non-uniformity  ot  llie  ap[>eHnuices 
of  these  iKxIies,  txilh  bytHlTereiit  luethtKls  and  by  tite  same  methods  at 
different  times.  There  is  nodoubt  that  whatever  tlie  nature  of  the  bodies 
tboy  are  easily  affected  by  methods  used  for  hxiug,  hardeoiug,  and  staining 
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tbem.  'ITiis  accounts  in  part  for  the  varie<l  rraiilts  reported.  However,  in 
the  most  [>erfeftlv  prepared  .s|j^fimens.  jutijrcil  according  to  the  appear- 
ancf^  of  the  red  IiIoikI  cells,  lcuk(ic\tp-s,  and  tissue  cells  at  a  distance 
from  the  lesions,  we  have  found  the  vaccine  Im»iIU'*,  especially  in  corneal 
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B|litlieIUUw11*orambblCs«]niea,  ronuinlnK"  vitcciQebodit*."     TlWHcaxcdtHrrcdaj-sAavrlniioii- 
laUon  with  intsllpox  vlni*     a  matltl.  vncdnvbodtM;  bKnde,  tiuolel.     x  IMKidlamcU!!*. 

infection,  to  »hciw  ii  niin-e  or  les.s  constant  .sene»  of  c}ian^.s,  fiomewhat 
similar  to  those  descri!)ed  bv  Calkin.s  in  liis  "penimule  formation" 
and  hv  'IVzzcr  in  his  ilcvelnpnient  of  the  vaccine  bodies.  Tliis  series 
uf  changes  might  be  represenleil  soTitcuhat  schenuitiwilly  in  Fig.  161. 

KlO.  ici. 


\r 


ScbecDfttlc  repmeuUilon  nf  noduc  bodla  m«u  within  ibe  vplthvllBl  oolU  In  Ui«  ImIddf  uritiMlliioz 
MldTac«lnlK:  l,«porc(DMn»aIt«,<p<mnoitc?j ;  S.nnuill  fr^rmwhlcbiUlMtaDdljrwanbulcsuinB; 
>.  luier  focn  wlUcb  oouUIdr  cenirul,  man  darkly  ot&IiiltiK  xn  "iile ;  4.  loner  farm,  wltb  more  llRhtly 
■ulnlnEreUvdIarnyiopTium.  Thb  fnnn  And  Ctir  nrxi  mny  liii*i^  itniinhnid  niitllnr,  uiil  Urn*  may  tie 
lamer  «Bxel>ol(I  fortni  wfaicbntlsht  lwl:it4:i[>n.>t«il  oillicr  ulhorruwu  tlmtle  llinnorutbenulooor 
two  or  Mora  fhrm* :  6.  fornmiDUilDtnE  Iwn  rrncml.rlarklyxtainlnE  bndin>:  fi,  form  contalnliiKniM); 
bndtea  tftkin|{  bulo  ■ikIiu  muni  or  )eia  inUoavly ;  7,  totm  i:-otil>tijliix  *  ceiimL  bodf  oUinlnK  fi^ntly 
wltb  bade  dr«c  ftm)  smal I  roTHidcd  bodies  abotitll,Bon)DUklDRb»ricati(IsonMiBoid  Btnint:  K  Muno 
U  7,  except  that  nuiny  Af  tbo  Uidi>aii  kurroumling  tbe  c«ntr*!  bod}'kT«d#nnU«ly  rlnK-tbkp«d,and«ll 
bikfl  lbe«Dld  italn,  T^eM  fnrm''  viiry  in  tSte;  aiiiueBiv  larger  thaa  the  hmt  nuoleaB;  9,  [orm  ImBk- 
iag  up  <*])an!i  Hfi  inm  Tt. 

One  cjin  easilv  see  (hat  such  liny  boilies  as  these  possible  spores  with 
no  definite  characteristic  staininji  cpialitics  wotdd  l»e  with  <lifficnlty, 
if  at  oil.  dilTcrentiateil  fnjm  llic  mass  of  cell  granules  in  the  degenerated 
areas  of  the  lesion,  and, as  the  (outline  and  stntcture  of  most  of  the  other 
forms  seem  to  U-  easily  disturbe^l,  the  whole  tjuestion  as  to  their  nature 
is,  from  a  morphological  standpoint  alone,  a  very  diffcult  one  to  settle. 
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Our  l>est  results  on  corneas  have  bwn  obtaine<)  with  ilie  following 
technkjiie:  Fix  in  Zriiker's  fluid  for  from  four  to  eight  hours;  wash  in 
ruiming  water  over  night;  phice  in  05  per  cent,  alcohol  (changing  in 
two  hours  to  fresh)  for  twenty-four  hours,  then  in  absolute  alcohiJ  for 
tAvenly-four  hours.  Injl)eil  in  panifTin.  Tlie  cuts  should  be  from  3/*  to 
5/'  tl»ick.  Sfiiiii  with  (])  casin  uml  inetliylene  blue — cosin  half  an  hour, 
methylene  blue  twn  minutes;  (2)  Heidenhain's  iron  hfematuxylin;  (3) 
Bovrel.  nu>'Hlic<l  by  Calkins. 

SmceptibiUty  of  Different  Animals. — Horses,  rabbits,  sheep,  monkeys, 
and  guine.a-pigs  are  susceptible.  The  pulp  and  senim  nbtaine*!  from 
an  epidemic  of  cowpox  took  feeblv  in  calves  in  a  moderate  percentage 
of  those  inticnlftted.  The  eharaeteristie  vaccine  iHniiea  were  fonnti 
praetically  identiral  with  those  in  vaccinia,  except  that  the  bodies  were 
a  little  larp^r  and  more  irix.'gular  in  outline. 

The  Preparation  of  Vacdoe. — For  the  following  sugj^-stions  I  aio 
in<k-l)1ed  lo  J)r.  J.  II.  lluddlostou,  who  has  had  the  immediate  charge 
of  the  proiJuction  of  vaccine  for  the  New  York  Health  Depurlment 
for  some  years; 

Serd  Vmus. — A  sufficient  amount  of  vaccine  virus  should  be  on 
haml  to  vnecinnte  fottv  tn  lifty  persoii.s.  Five  children  in  good  health, 
and  not  previously  v;m  >  iii;ii'-<l,  <>!iou!d  then  be  vaecituttet]  each  in  a  spot 
the  Mize  of  a  ten-cent  \Vu-*  ■•  <  'ii  (he  Hfth  ihiy  after  vaccination  the  top 
of  the  resulting  vesicle  sliuiiM  be  reuioved  and  sterilized  bone  slips  be 
rubbed  on  the  base  thus  exposed.  It  should  be  possible  in  this  niauDer 
to  charge  at  least  from  one  ti)  two  hundred  slips  on  each  side  of  ihe  slip 
from  each  child.  The  slips  should  be  allowed  a  moment  In  which  to 
drj-  and  then  placed  in  a  sterilized  box,  in  which,  if  kept  in  cold  storage, 
they  wilJ  probably  remain  efficient  for  at  least  two  or  three  weeks. 

Amm.^ls. — The  prefenible  animals  are  female  calves,  from  two  to 
four  month.s  of  age,  in  gfMMJ  condition  and  free  from  any  skin  disease. 
These  can  easily  Ik-  vaccinate* I  on  the  posterior  abtkinien  and  inside 
of  the  thighs  by  placing  thi-ni  on  an  appropriate  table.  It  is  possible 
that  on  H(*count  uf  the  character  of  the  avaihible  su])ply  older  animals 
may  lie  desind>le,  but  the  calves  take  more  typically  and  are  more 
easily  bnndlefl.  Wtien  an  animal  is  too  old  to  be  thrown  and  held 
without  difficulty  it  may  be  vaccinated  on  the  rump,  eacli  side  of  tbc 
spine;  but  the  skin  there  is  toufrber  tli&n  on  the  |)osterior  aUlomen 
and  inside  of  tlie  thighs,  and  the  resulting  \*irus,  though  efficient,  is 
not  so  easily  emulsifictl. 

Vaccination'. — T''he  calf  shouM  lie  cleanetl  thoroughly,  including 
the  feet  and  the  tall,  and  the  hair  should  U;  eJipiH**!  frrtni  the  end  of  tlw 
tail.  Next,  the  posterior  abdomen  an<i  insiflea  of  tlie  thiglis  are  shaved 
and  the  skin  beneath  washed  in  succession  with  soap  and  water,  ster- 
ilizer! water  and  alcohol,  and  (hen  dried  with  a  sterile  towel.  On  this 
area  there  are  now  made  about  one  hundred  scarifications,  each  from 
one-ipiarter  to  one-half  of  an  inch  square.  Tlie  scarification  is  made 
most  easily  by  cross-hatchuig  with  a  six-bladcd  instniment,  the  blades 
being  about  one-thirttetli  of  an  inch  apart.    The  scarification  is  supers 
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ficial,  but  brings  a  small  amount  nf  blood.  An  nrea  as  sdihII  as  speci- 
fied is  less  likelv  to  become  infet-led  than  h  Ihrger  o?k*.  Tlie  sL-nrlGca- 
lions  should  be  separate<l  fi-om  cac!i  other  by  an  interval  of  at  least 
one-half  to  three-quarters  of  an  inch.  After  tbey  have  been  made 
thev  should  he  drieH  with  a  sterile  towel  or  with  sterile  cotton  and 
nibljetl  with  the  charged  slips.  One  to  two  sUj^s,  dejjendJng  on  the 
iimtiunf  of  v\ms  each  slip  liohls,  shouM  l»e  suHirient  for  vacriiiating 
each  vesicle. 

Con-EmoN. — On  the  fifth  or  sixth  day,  depending  upon  the  rate 
of  development  uf  the  vac-cine  vesicles,  they  should  be  ivudy  for  col- 
lection. Tlic  entire  sliavcd  area  is  washe-l  with  sterile  water  and  sterile 
cotton,  ami  the  crusts  are  picked  off.  The  soft,  pnlpy  mass  remaining 
is  then  cur('tte<l  otf  with  an  or«iinar\'  steel  curette  and  the  pulp  placed 
in  a  sterilized  vessel.  After  the  curettage,  serum  exutle.s  from  the  torn 
btt.«!e  of  the  vesicle,  and  ivor^-  slijKs  may  I»e  charged  in  tUin.  The  pulp 
should  be  mixed  with  fniin  two  to  three  times  its  weight  of  glycerin 
and  water,  equal  parts,  ami  this  is  done  mcist  effectively  by  pa.'wing  the 
mixture  between  the  rollers  of  a  Ooring  mill.  The  more  watery  the  ]>ulp, 
especially  if  it  is  not  to  be  used  immediately,  the  smaller  shouhl  be  the 
proportion  of  glycerin.  The  emulsiun  so  pnxluceti  can  then  be  put  up 
for  issue  in  vials.  The  slip,s  charge*!  with  the  scrum  from  the  calf  may 
also  be  used  for  vaccinating.  Capillary  tul>P3  require  especial  means  of 
HUing,  and  .small  vials  filled  and  corked  an.swer  tjie  purpose  admirably. 

Proi'AOATIon. — Subsequent  animals  may  be  vaccinated  in  any  one 
of  the  thi'ee  ways:  (a)  .slips  may  In*  charged  fnim  typical  vesicles  on 
primary  vaccinations,  just  as  with  the  first  calf,  ami  used  for  seed  virus; 
(fc)  slips  clmi^d  witli  the  serum  from  the  calf  may  be  useii  to  vaccinate 
a  seconil  cnlf;  (r)  the  glyceriiuited  emtdsion  may  Ix'  used  to  vaccinate 
succeeding  calves,  but  in  the  la.st  case  it  is  necessary  to  keep  the  emulsion 
a  varying  length  of  time — often  two  or  three  montlis — before  it  is  fit 
for  use  in  vaccinaticm  of  the  cjilf,  since  the  employment  of  fn'sh 
glycerinated  pulp  on  a  succession  of  calves  leads  to  prompt  degenera- 
tion of  the  vaccine  ami  to  the  production  of  infected  vesicles. 

Care  of  thb  O&lves. — All  Ixthling  is  avoideil  and  »n  e.xclusively  milk 
diet  given;  thus  much  of  the  otherwise  unavoidable  dust  is  done  away 
with. 

Laboratflry.— The  labomton,-  should  consist  of  at  least  three  rooms; 
(a)  stable;  {i)  operating-room;  (c)  laboratory-room.  It  shoidd  be 
pos.sible  to  make  and  keep  all  the  rooms  clean.  The  stable  and  oper^ 
ating-room  should  be  flushe<i  with  u  hose  and  hot  water  daily.  Excreta 
should  be  removed  immediately.  The  calves  can  be  kept  clean  if 
they  stand  on  a  raiseil  and  perforated  platform,  which  is  so  short  that 
the  defecations  cannot  fall  on  it,  and  if  they  have  no  lH*d<ling.  They 
must  lift  fttsteiietl  tn  keep  them  fn"»m  lirkiiig  the  scarifications.  In  the 
health  department,  when  u  calf  is  removed,  its  stall  and  platform  are 
scoured  with  a  brush  and  sodium  carbonate  solution.  The  stable 
should  be  provided  with  a  sho\-el,  broom,  hose,  currycomb,  mane  brush, 
cord,  and  with  haltere^  buckets,  scrubbing  bruiihes,  and  sponges.     'Hie 
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operutiiiK-motu  should  be  welt  ligliteil  and  provule<l  with  a  table  and 
with  .stooKs. 

The  only  ref|uisites  for  Uie  table  are  tliat  it  ttlinulil  be  heavy  anil  finn;^ 
(hat  it  flhoiild  have  holes  tlin>ugli  Ctie  tn|i  so  nrntnged  that  straju  canfl 
\)v  pHSSwJ  ihroujili  them  to  lioM  the  ealf  down,  iind  a  vcrticul  strip  on 
rini"  side  of  the  table  to  vvhicli  the  upjKT  liind  le)(  of  the  ralf  can  Ite 
fastene^l.    TlieeaU  can  be  thrown  upon  the  table  ea^^ilybv  two  altemUj 
outs. 

The  laboraton-  should  also  be  well  lighted  ami  furnished  with  tabli 
dinirs,  desk,  case  for  in.Htriiments,  and  refrigerator.     It  should  aUdl 
have  both  a  steam  and  a  dr^'-air  ^lerihiKT,  a  set  of  scales  weighing  to' 
grams  or  (-entigrams,  nml  n  blast  lamp  and  liellnws.     In  MiK-k  there 
should  Im*  one  to  two  thousand  bone  slips  for  seetl  virus,  nnd  ten  to 
fifteen  thousand  Hnialler  slips  for  issue;  two  or  more  scarifiers;  a  cuii'tle; 
four  to  six  ru'/ors  for  shaving  the  uninials;  a  rawir  strop;  a  pair  of  Inrge^ 
scissors,  cur\-ed  on  the  fiat,  for  <-lipping  the  aiiinmls;  a  burette,  fromS 
which  glycerin  ilows  while  the  vaeeiue  pulp  is  la-ing  ground;  burette 
holder;  a  Uoring  vaccine  grinder;  clinical  thermometers  to  lake  the 
temperature  of  tiie  iminmLs;  six  to  twelve  small  glass  dishes  with  covers; 
a  liiir<l-rubl>er  syringe,  of  four<ounoe  capacity,  to  make  suction;  alMorln^ 
ent  cotton;  glas«  vials  and    corks;  and  several  pounds  of  soft  ghi>s^| 
tubing,  three-eight  lis  of  an  inch  in  calibre,  to  store  virus  eniuLsiun.    * 
There  should  also  be  gowns  and  ea[)N  for  the  attendants.     Sodium  ^ 
carbonate,  bichloride  of  mercury,  bromine  for  a  deodorizer,  alcohol^fl 
and  glycrrin  an*  the  cbenilcHls  nettled. 

For  issue  for  public  vaccinations  there  are  also  needed  packing- 
boxes,  rubber  bands,  sheet  warlding,  needles,  and  wooden  toothpicks' 
for  removing  the  virus  from  the  viaU  anil  rubbing  it  on  the  scarifica-j 
tioits. 

TWd. — The  material  obtaine<I  fnim  the  five  chihlren  should  vaccinal 
at  least  live  calves;  it  nuiy  easily  vaccinate  fifteen  calves.  Ten  graniS' 
of  pul])  and  twf>  hundred  charged  slips  would  be  an  average  yield  from 
a  calf,  and  that,  wlien  tniule  up,  should  suffice  to  vaeciimte  at  least 
fifteen  hundred  i>erM>n3.  Calves  vary  lituneiwely  in  the  yield.  Of  two 
calves  vaccinated  in  precisely  the  same  way  one  may  furnish  material 
for  five  hundred  vaccinulions  and  the  nilier  for  (en  thousand  vinx-ina- 
tions.  j 

The  Dunbilltj  of  OlTcerinated  Vims  in  Sealed  Tab«s.  .\s  a  result  of' 
testing  from  time  to  iin>e  an  immense  nunil>er  of  specimens  of  vae>cine, 
the  ronclusion  has  been  reached  that  vaccine  properly  put  up  sliouhl 
keep  at  least  three  months.  I-'i-oin  lime  to  time  a  single  lot  of  virus  will 
fail  by  the  end  of  one  month.  Sfiniettnies  this  is  due  to  the  glycerin, 
as  when  it  has  some  chemiciil  impurity,  or  as  when  simply  it  is  not 
diluted  sufliciently  with  water.  ^Ve  find  thai  one  part  of  water  to  two 
of  glv""crin  rimkes  a  g(K»d  ilihition. 

B»ct«ri«  in  Tacctne.  It  ii^  iinj>4>ssible  to  prepare  >'BCcii>e  on  a  hkigt 
scale  so  Umt  it  is  at  the  time  of  its  removal  free  fmiii  bacteria.  In  fad, 
there  are  usually  very  hirge  numbers  of  one  or  more  varieties  of  bacteria 
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present.  When  the  stable  aiul  animals  have  been  kept  clean  the  bacteria 
comprise  iisiially  ven'  few  varieties;  when  riirty  wjnditiors  prevail  the 
bacterial  varieties  are  more  imnierous.  The  number  of  bacteria  found 
varies  enormoiisly.  The  larj^t  nnmber  Fotinct  by  us  in  vaccine  pulp 
from  the  calf  was  12fi,3fifl  in  one  loopfu],  and  tlie  smallest  numl)er  523. 
Dlscri'tc  vcsieles  ut  the  bonlers  contain  many  less  buetiTia  than  the  con- 
ttuent  ones  cuuseil  by  the  inoculalion  at  (he  scarificatiiiu.  The  pulp 
has  many  more  bacteria  than  the  sorum  of  the  vesicles.  The  |>eriod 
which  elapses  before  j^lycerinatetl  vims  becomes  sterile  is  also  quite 
variable,  but  does  not  depend  in  any  direct  way  upon  the  number  of  bac- 
teria originally  present.  A  vety  large  nunilier  may  disappear  rapidly, 
and  a  few  [>ersist  for  a  lotig  time.  tJpnn  rabbits  a  praclically  bacteria- 
free  vaccine  can  be  ohtainc.l. 

After  two  or  three  weeks  the  nnmljer  of  living  bacteria  is  usually 
greatly  diiiiinisherl,  especially  after  addition  of  glycerin,  but  seldom 
is  al>solutely  nU.  If  we  wait  until  tlu'  vaccine  is  surely  sterile  it  is 
veryupl  lo  Ik:  also  useless — that  is,  by  that  lime  tlie  specific  organisms, 
too,  as  well  as  the  bacteria,  are  dead. 

In  tt  very  large  experience  we  have  learned  that  the  number  of  bac- 
teria present  has  tittle  to  do  with  the  n'.snit  of  the  vaccination. 

Fiitliogenic  bacteria  other  than  the  practically  ii on- virulent  skin 
staphylococci  are  not  found  when  animals  are  properly  kept  and  vac- 
clnaletl.  The  vaccine  pulp  and  senmi  mixture  is  adde<l  to  two  and 
one-half  to  three  and  onc-hal£  times  its  bulk  of  a  mixture  consisting  of 
two  parts  of  chemically  pure  {ilycerin  ami  one  part  of  water. 

Kfficient  \-accine  should  be  inoculateil  iu  a  portion  uf  skin  no  more 
than  one-eighth  inch  in  diameter. 


Scarlet  Fever. 

Very  recently  Mallorj*  has  reported  the  presence  of  certain  btxliea 
in  scarlet  fever.  He  suunnarized  his  obsen'ations  as  follows:  "In  4 
cases  of  scarlet  fever  certain  bodies  were  found  which  in  their  mor- 
phologic- strongly  suggest  that  they  may  he  various  stages  in  the  devel- 
opmental cycle  of  a  pmtoznan.  'I'hey  ix-cnr  in  and  tielween  the  epithe- 
lial cells  of  the  epidenuis  niirl  free  in  the  suj)er(ieiHl  lymph  vessels 
and  spaces  of  the  corium.  The  great  majority  of  the  bodies  vary  fmni 
2/i  to  Ifi  in  diaineterj  and  stain  ilelicately  but  sharjdy  with  methylene 
blue.    They  form  a  series  of  IjoiHes.  including  the  FortuHtion  of  defmite 


Descwptios  or  Platk  IV. 

FtMtogfkpb*  ai  UiK«  (ofna  ot  iM  un&II  b&diM  found  in  bll»i«r  fluid  trom  cmm  of  inewaleK. 
I.  SbmO)  fonn  with  centnl  chruiuUiu  mun. 

I!.  Mediuni.«!fe<1  rnrm  wllh  cbrctmatln  icranuteiillaininuKd  tbmuRhout  lis  iimtnpluna. 
III.  lAncvfotni  wilb  tuutluf  ibedironnntlniinuiuhiB  pcrliihunlly  ■tratmsd. 
l'mvw4Mii-lllie  bodiN  In  Mwrlel  fever.  Sutlned  wllh  eoil»  aiid  melbyleDfi  blue.  1,  niiniefnti* large 
■nd  imHil  KArlct  (ever  bodliS  (■Uliie<I  llKhl  blu*)  In  uid  b«tirMQ  Uw  «plUitillftl  cells  (A  (Ue  re(« 
BiiiiVNraat.  Setenl  nf  th«  ba<11« BUgK«K  fixation  while  In  Amcvbold  noilMi :  S.  (vwneljr  rcUmlAinl 
[ona  whicb  n»]rt'*d«itvDemad  rotm  or  «ug«  In  Rporosonr ;  3,  probnMe  fttftite  pr«c«dliiK  Ibe  iwllute 
bodlw;  1)  ti  6,  >od  7,  dlflbmnt  M4ik«>  tn  Ibo  dvrvloiinuot  of  tbtt  mllBlu  bodlua.    (Alter  BfftllrM7.) 
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rosettes  with  numerous  segments,  which  are  closely  analogous  to  the 
series  seen  in  the  asexual  development  (schizogony)  of  the  malarial 
parasites,  but  in  addition  there  are  certain  coarsely  reticulated  fonns 
which  may  represent  stages  in  sporogony  or  be  due  to  degeneration  of 
the  other  forms."  In  our  laboratory  nine  cases  have  been  examined 
with  reference  to  the  presence  of  these  bodies,  five  autopsy  cases  and 
four  living,  but  so  far  only  a  few  of  the  less  characteristic  forms  have 
been  found,  and  these  only  in  the  five  autopsy  cases. 

Duval  has  just  made  the  announcement  that  in  fluid  obtained  through 
blistering  the  skin  of  scarlet  fever  patients  by  a  very  quick  method  he 
has  obtained  bodies  which  he  interprets  as  forms  of  Mallory's  protozoan. 

In  our  laboratory  Field  has  obtained  similar  bodies  by  the  same 
method  in  both  scarlet  fever  and  measles  cases,  and  in  four  cases  of 
scarlatiniform  antitoxin  rashes,  more  in  the  first  two  groups  than  in  the 
last.  He  has  obtained  them  in  no  other  eases  so  far  examined .  Nothing 
positive  can  be  said  yet  as  to  the  nature  of  these  bodies,  though  Field 
has  come  to  the  C{)nclusion  that  the  majority  of  them  are  from  degen- 
erated leukocytes. 


CHAPTER   XLIII. 


KALA-AZAR—RABIES. 


Kala-azar. 

Certain  fevers  of  severe  malarinl-like  types  kiiawn  in  difforent  sec- 
lioiis  of  the  trojiifs  In-  (lifferfiit  names  ('(iiini-tJum  fever,  cachexia! 
iiialana,  knlu-tizar)  have  recently  hevn  shown  to  l>e  due  to  the  same 
cause  by  the  finding  of  similar  protozoa n-l ike  Ijodiea  in  the  lesions. 
These  bodies  were  first  minntely  dcserihe<I  bv  Ix'ishraaii  in  190<)  os 
being  present  in  certain  cells  in  the  spleen  of  cases  called  by  hiui  Uuiii- 
duin  fever  occurring  in  India.  In  1903  Donovan  descriljed  similar 
iMwIies  in  cases  of  what  he  calletl  malarial  cachexia.  The  boiiJes  have 
been  called  tlie  Le is hman- Donovan  boiiies  or,  mope  properly,  the  i-eish- 
man  bo4iies.  They  have  since  been  found  in  different  parts  of  India, 
in  China,  Tunis,  Algiers,  Ambia,  ami  Kyypt,  ami  quite  recently  AVright 
has  reported  in  a  case  of  Delhi  boil  from  Armenia  liodies  which,  accord- 
inj{  ta  liLs  fxcellimt  pliologroplis  and  description,  mnst  be  identical  with 
or  very  closely  relate*!  to  Leisbraan'a  bodies,  though  he  does  not  call 
attention  to  that  fact. 

Tlie  bociies  have  l«;eu  found  in  lar^  endothelioid  cells  in  the  spleen^ 
liver,  mesenteric  glands,  bone-marrow,  kidney,  lungs,  testes,  skin,  and 
ulcers  in  intestines. 

The  symptoms,  in  the  cases  of  general  infection  are:  (1)  very  mucli 
enlarged  spleen  and  less  enlarged  liver;  (2)  progressive  anaemia  with 
peculiar  eartliy  pallor  of  skin,  progressive  emaciation,  and  muscular 
atropliy;  (3)  long-conlirmwl,  irregidarly  inteniiitterit  fever  (97**  to  104°); 
(4)  hemorrhages,  such  as  epistaxis,  bleeding  from  gums  into  sub- 
cutaneous tissue,  producing  purpuric  eruption;  (5)  transitory  cedemas 
of  various  regions.  There  arc  often  complications  such  as  congestion 
of  lungs,  «lyscntcry,  cancruin  oris.  'Hie  blood  count  shows  practically 
no  loss  of  hieuioglobin,  but  there  is  a  <!ecrea.se  in  tlic  leukocytes,  prin- 
cipally polynuclcars,  giving  a  relative  increase  of  mononuclears. 

Negative  points  which  help  in  the  diagnosis  are:  absence  of  malaria, 
no  typhoid  or  Malta  fever  reaction,  rpsistance  to  medication,  t|ninine, 
as  a  rule,  liaving  no  effect,  though  in  early  cases  a  few  gooil  results 
have  been  reported.  Splenic  pnncluiv  wltli  the  finding  of  T^'ishman 
bot!ies  rnukes  tlie  diagnosis  certain.  The  duration  of  (he  disease  is 
from  a  few  months  to  several  years.  The  percentage  of  deaths  is  great; 
ill  somi-  forms  of  tlie  disease  it  may  reach  90  per  cent- 

Morphology. — The  bodies  arc  circular  to  elliptical  in  shape,  from  2ft  to 
4fi  in  diameter,  and  contain  a  double  nucleus,  a  large  oval  one  at  one  part 
of  the  periphery*  and  a  small  circular  or  rod-shaped  one  near  or  at  the 
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(^pcMilf?  |Hirt  uf  the  peripimn'.  'I'liis  .smaller  Ixwlv  stains  mare  iiitcit'tely 
thim  the  larpT  oth*,  while  ihe  ovloplasm  <»f  tlte  jinni-site  stuins  wn' 
diml_y.  ^niiuHimes  sliowing  only  n  fnint  peripheml  rim.  Aiiv  niirkar 
uikI  cvtnpltLsiiiio  stiiinii)^  iiivthiMlis  will  briiij^  out  ilii.'.'R'  [>u!nl.s  in  Zenker 
fixed  material.  Smears  stain  well  b}'  Wright  or  the  Nocht-Uoman- 
owsky  mcth<nl.  The  lar^  cells  eonlaining  the  parasites  are  si]p|x>se<1 
by  ClirisiDpher  to  be  ibc  endothelial  cells  from  (he  liiiesl  capillaries. 
Ijeishuian.  Marclmml,  Uogers  aiitl  others  think  the  bodies  one  stage 
in  the  life  cyele  of  a  Hufirelliite,  pa^slbly  u  tri'panosoine,  Rirgers  uttd 
Mart'liantl  hitvinjtj  seen  llugellates  develop  from  infeete*!  tissue  in  vitm 
in  iton<-OA^iilftble  blood.  Donovan,  however,  claims  to  have  foum) 
small  forms  in  tlie  red  blood  cells  in  the  ptTiphend  eirenlatioii  when 
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PiatOKMln  m  nu«  nt  implcal  iik'«i.  Siaoar  pni|inniliuu  fnitn  tha  Imioa  sdUofd  «t(h  Wri«Wa 
BomftKiinky  blood-iUlnlnK  Auld.  TIigtIds  like  IkmIUw  with  whltu nminJ  poTtkina «im1  ronumttif 
ft  Urver  Knd  &  amiilltr  d*Tk  nui  Aro  tti«  nioNHWVitiiMnK.  Tlw  Auk  iihmimi  Is  Um  bo(U«  m« 
■Uln«<l  «  1!l«e  calar,  whlt«  Iba  perlpboral  portlam  of  tlw  bodies  In  typInU  IrauoccB  M«  UsInaS* 
palv  ivUii'K^KH  Mnu.  Tlw  TtiT  duTk  oimtc*  «r«  nuot»l  of  «lti  of  tbtt  iMlon.  X  tsoo  kfiproxtnwutr. 
rAnerWnibL/ 

the  terajjenUufv   w«s  hIhivt  103",  ftiid    his  oUnervation  Ihis   lnyii  eim-    H 
finne<l  by  l4ivemn  ami  Mesnil.  whn  lieHeve  the  orpnd^m  to  l)e  »  ptro- 
pla.siim.    Se^rn^^iiioii  is  recomiuendcd  as  the  lie^t  ineatis  of  eriKlieating 
the  diseajie, 

Kabies  (Hydrophobia). 

Rabies  is  an  aeiile  iliMeus«r  uf  aiiiniuLs,  ile|M>ndeiit  u[Mm  a  s|)et-tf]r 
virus,  and  eiHiiinnnieatefl  by  iiKK-itlation  to  tiibii.  It  is  usually  aMm-iateil 
with  an  injun-,  such  uma  the  bite  of  a  ih.%,  or  the  in<K.*u1n(ioii  uf  the 
broken  ^iirfaee  with  the  saliva  of  an  annnal  aiTeett^l  with  the  disease. 
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Tills  is  the  su-calletl  rabies  of  the  streets.  Wolvejj,  cuts,  foxes,  dogs, 
horses,  cows,  anil  deer  may  contract  the  disease;  monkeys,  rabbits,  and 
piinea-pif^  are  all  inoculable  with  it,  as,  indee<l,  arc  all  wann-bloodcd 
animals.  Uablcs  ocrnrs  in  silmost  all  parts  of  the  world;  it  is  most 
common  in  Un.ssia.  Fmnct?,  ami  Belgium;  it  is  not  infretjnent  in  Austria 
an<l  in  thase  parts  of  (iennany  bunlerinp  on  Kn.ssia,  anfl  in  England.  In 
this  hemisphere  Jt  is  comparatively  rare,  yet  it  occurs  occasionally  in 
various  parts  of  tlie  Uniti-il  States,  in  Mexico  and  Soiitli  America.  It 
is  extR'mely  mre  iti  North  Germany,  Swit/^rliiuil,  IIoIluiHi,  ami  Den- 
mark, otting  to  the  wise  provision  that  nil  dogs  shall  lie  mnzsded;  ami 
in  Australia  tt  has  not  been  known  to  occur. 

Etiology  and  Fathogeoflsis. — Until  recently  all  of  the  numerous  rc- 
scan-lk-s  in  regard  to  the  s]>ccific  cause  of  rabies  gave  nef|;alive  results. 
The  latest  studies  of  thi.s  riiseiLse.  however,  make  it  seem  prol>able  that 
hydrophobia  may  Im*  added  to  tlic  growing  list  of  diseases  causeii  by 
protozoa.  Iji  1903  Negri  desi'rilH'il  certain  bodies 
m  tlie  targe  itervc  cells  throughout  the  central 
ner\-ous  system  of  animals  dying  of  this  diseiise. 
He  fouml  them  in  largest  mindx-rs  in  anituals 
dying  after  the  fourteenth  day  of  the  disease,  luid 
especially  numerous  in  the  cells  of  the  gray  matter 
of  jVcimon's  horns.  He  did  not  attempt  to  study 
the  bodies  very  minutely.  Iie.sides  demonstrating 
them  til  dogs,  he  found  them  in  mhbits.  in  a  eai, 
and  in  a  human  l>eing.  lU-  considers  the  bodies 
protozoa  and  the  cause  of  rabies.  In  our  labn- 
ratory  We  have  fully  csirmliorated  Negri's  resulls. 
There  is  no  doubt  as  to  (he  presence  of  the 
boilies  in  large  nunil>ers  in  animals  in  which  the 
dts**ase  }ias  jiroga-sscd  somewhat  slowly.  In 
animals  dying  quickly  of  (ixed  vims  we  have 
also  found  many,  but  the  forms  are  very  small, 
so  that  tliey  may  easily  I*  overlooke*!  in  poorly 
prcpare<l  specimens.  We  have  seen  bodies  small 
enough  to  pass  a  Merkcfeld.  thus  anconiifiug  for 
the  positive  resulls  nbhiiiied  by  .some  observera  after  the  inoculation  of 
liltrales  ob(aine<l  from  IWkefeld  filters.  We  have  found  the  larger  furras 
especially  numeriMis  in  the  brains  of  piinea-pigs  iuoculatei!  with  stn-et 
vims.  Sintv  the  discuvery  of  these  bodies  Poor,  in  the  Hejdth  Depart- 
ment laboratory,  has  exaniiucd  23  cases  of  "street  rabies,"  17  in  dogs, 
3  in  horses,  and  2  in  hnmati  beings.  In  alt  of  these  ca.ses  he  demuti- 
strated  the  presence  of  the  Negri  Ijodies  in  sections  of  the  central 
nervous  svstetn.  All  of  these  cases  were  subsequently  proven  to  \ie 
hydrophobic  by  anltiial  inoculation.  In  a  nuudier  of  .suspicious  cases, 
which  were  afterwani  proven  lo  be  non-rabic,  no  bodies  were  found. 

The  smallest  bodies  in  the  sections  stfin  to  ix^  stnietureless,  taking 
a  linmogeneous  purplish  stain  with  eosin  and  methylene  blue.  As  the 
bodies  l)ecome  larger  they  present  a  definite  structure.   A  central  granule 
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surrounded  by  a  slight  spare  appears,  which  may  or  muy  not  take  a 
deeper  stain.  In  the  lai^r  forma  there  are  more  than  one  of  these 
granules.  As  many  as  eight  have  been  seen.  'I'hese  may  be  armnged 
more  or  leas  regularly  about  a  central  larger  one,  or  acattereil  less 
regularly  throughout  the  sulwtant-e  of  the  bwly. 

We  have  also  identified  Uiese  bodies  in  smears  of  uifecle*!  brains  by 
fixing  the  smear  111  methyl  alcohol,  and  .stiiiiiliig  for  twenty-four  liours 
by  tlie  Nocht-Romiuiowsky  method  as  recommended  by  Ewing.  The 
bodies  stain  a  robin'.s-cgg  blue  or  lilac,  with  dark-blue,  more  or  less 
regularly  arranged  granules  ur  rings,  one  in  the  smaller  bodies  and 
more  in  the  larger,  corresponding  with  the  structure  of  the  bodies  seen 
in  sections.  So  far  no  similar  JHnlies  have  been  seen  in  ctmtrol  smeara, 
and  it  is  evident  that  this  might  prove  a  reliable  method  for  quick  diag- 
nosis; at  least,  in  case^  where  these  bodies  are  fairly  ntuuerous.  It 
seems  to  us  passitile  that  the  Iw»dies  are  protozoa  and  that  they  are 
the  cause  of  r^thies.     Tlii-ir  diagnostic  value  is  certain. 

The  bulk  of  the  toxic  material  outside  of  the  central  iterxous  s^-stem 
apjM^ara  to  be  excreted  in  the  saliva  of  the  subnvuxillary  gland,  tlinugb 
a  certain  small  quantity  may  be  excreted  by  the  other  salivar)'  glands, 
and  also  by  the  lacrymal  glands,  the  pancreas,  and  the  mamma.*  of 
rabid  animals.  The  poison  may  also  be  found  in  the  suprarenal  iMjdies 
an<l  the  periplieral  nerves.  It  hius  not  been  found  in  the  blood,  the 
urine,  or  the  aqueous  hmnor  of  the  eye;  it  has  been  reporteti  to  have 
been  found  in  the  ffletns. 

That  the  disease  is  due  to  some  fortii  of  organism  which  has  the 
power  of  nnilliplying  in  tfie  tissues  am!  of  producing  a  toxic  suUstauce, 
which  appear;  to  act  specifically  upon  the  central  ner\"ous  system, 
cannot  he  dnubtctl.  As  m  other  sjiecific  infectious  diseases,  tiie  virus 
b  transiuilteiJ  directly  fmni  uuiinal  to  aninml  through  the  medium  of 
some  flui'l  or  sei-retion;  it  is  now  very  generally  recognized  that  the 
disease  cannot  arise  anew,  us  was  at  one  time  assumed.  In  rabies, 
again,  as  in  other  infectious  diseases,  there  is  a  period  of  incubatiiHi 
during  which  Uie  poison  appears  to  increase  in  quantity. 

The  certaiut)"  with  which  the  disease  may  be  produce«l  and  it^i 
severity  have  been  found  to  be  governed  by  three  factors:  (1)  the 
quantity  of  the  rabic  virus  introduced;  (2)  the  point  of  inoculation;  (3) 
the  strength  of  the  vims  as  deterrniiietl  by  the  kind  of  animal  which 
affords  the  cultivation  gnmnd  fur  the  gn)wth  of  the  hypothetical  organ- 
ism. It  Is  a  niiitler  of  eommoii  ollsrr^'atIon  in  hydntphobiii  uf  man 
that  slight  wuuuds  uf  the  skin,  uf  the  limbs,  and  uf  the  back  arv  often 
followed  by  the  disease  after  an  extremely  long  period  of  incubation; 
while  in  lacerated  wounds  of  the  tip  of  the  fingers,  where  small  nervea 
are  numerous  or  where  the  muscles  and  nen-e  trunks  are  reached,  or 
in  lacerated  wounds  of  the  face,  where  there  is  a  similar  abundance  of 
nerves,  the  jieriiMl  of  inculKtiion  Ls  usually  much  shorter  and  tl>e  dbtea^c 
generally  much  more  mpid.  Kxpcrimcntal  infection  in  aninuls  is 
produced  with  the  greatest  certainty  when  the  material  from  the  nerw 
ivntre  (the  spinal  cord  or  bulb)  of  an  infected  animal  is  injectal  into 
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tht  dura  mater  of  the  brain.  It  may  (x?  produced  almost  as  certaioly 
when  the  infection  is  made  into  the  anterior  chamber  of  tlie  eye  or  into 
the  greater  nerve  tninks.  Intravenous  injection  is  usually  followed  by 
positive  results  in  small  animals,  hut  the  larger  animids  do  not  succumb 
to  this  mode  of  icioculation.  Suhcntaneous  iiioi^ulatinn  in  animals  is 
uncertain,  because  tlte  peripheral  nerves  arc  not  atwa\-s  injured;  but 
injection  directly  into  a  mass  of  muscle,  especially  into  parts  which  are 
rich  In  nerves,  almosl  invariably  profluces  tlie  disease.  .Absorption  of 
the  rabic  poison,  even  from  a  healthy  mucous  surface,  has  been  said 
to  have  talten  pliur;  and  the  coiijuncliva,  the  nasal  and  girnital  muwnis 
membranes,  and  the  cHj^stive  tract  have  been  noted  as  unabraded  su> 
faces  from  which  this  has  occurred.  The  rapidity  with  which  the  >'jrus 
is  difl'u.sed  through  the  ImkIv  from  the  point  of  inoculation  in  the  tissues 
seems  to  vary  acconling  to  the  Iccition  of  the  wound,  but  it  is  always 
comparatively  slow.  It  has  been  found  that  rabbits,  when  etlierized 
anil  then  presented  to  a  mad  dog  to  !je  bitten  on  the  fur,  escape  the 
disease  In  a  ven,-  lai^  projiortion  of  cases,  although  the  teeth  may  have 
pass<-d  well  through  the  skin;  If.  on  the  other  hainl,  the  part  pri'sented 
to  the  rabiil  dog  l>e  shave<l  l>efore  it  ts  bitten,  the  bitten  animals  con- 
tmct  rabies  in  a  much  larger  proportion  of  cases.  So  in  man,  in  many 
eases  the  rabic  virus  may  he  cleaned  from  the  teeth  by  the  clothing 
which  coven*  the  bitten  part  before  they  come  in  contact  with  the  skin. 
From  what  has  been  said  it  is  evident  also  that  when  the  skin  is  thick 
and  the  nerves  few  a  .small  ipiantity  of  vinjs  may  find  it.s  way  into  a 
woiMid.  but  not  penetrate  into  the  nerves,  and  thus  the  jmtsoii  bitten 
by  a  rabid  animal  may  e-scape  without  any  ill  effecLs  beyond  those  due 
to  a  lacerated  wound.  This  will  explain  the  fact  that  only  about  16 
per  cent,  of  the  cases  bitten  by  rabid  auimab  appear  to  contract  hydro- 
phobia. 

Preventive  Inoculation  against  Rabies.^Thc  old  treatment  of  rabies 
consisted  siuiply  in  encouni|^ing  bleeding  from  the  wound,  or  in  first 
excising  the  wound  and  then  encouraging  bleeding  by  means  of  liga- 
tures, warm  bathing,  cupping-f[l.'isses,  etc.;  the  raw  surface  was  then 
freely  cauterize<l  with  caustic  potiLsh,  nitric  ncifl,  or  the  actual  cauterj'. 
It  is  doubtful  whether  the  disease  ever  manifests  itself  after  such  heroic 
treatment  if  the  wound  be  ^niall;  but  when  the  wounds  were  numerous 
or  extensive  the  morlidity  from  it  was  .still  hi^li.  As  it  was  often  impos- 
sible to  apply  cauterization  to  the  wound  rapiilly  or  deeply  enougfi  to 
ensure  complete  destnictiou  of  the  virus.  Pasteur  and  others  were 
led  to  study  the  disease  experimentally  iu  animals,  with  the  hope  of 
finding  some  mean.'i  of  immunization  or  even  cure  through  bacterio- 
logical technique;  these  investigations  finally  resulted  in  the  discovery 
of  methofJs  of  preventive  inoculation  applicable  to  num. 

Immunization  against  nibies  may  be  effecte<i  in  several  different 
ways.  Pasteur's  treatment  is  ha.<4ed  upon  the  fact  that  rabic  virus  may 
be  attenuaterl  or  intensified  for  any  animal  at  will.  He  first  ol)served 
that  the  tissues  and  fluids  taken  from  rabid  animals  varied  eonsi<lerably 
iu  their  virulence.    Tlieu  he  showed  that  the  virus  taken  from  similar 
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poksitions — say,  the  cerebrospinial  fluid — had  alwaj-s  llic  same  ncrion 
in  the  .saiiip  sp4'cie.s;  hut  that  Hiiid  taken  f««n  an  animal  of  diffvPi'nt 
species  wa.**  weaker  or  stronger  as  the  case  mijjht  be.  Thus  the  cerehro- 
spinal  fluid  of  a. series  of  dogs  is  of  rmistiitit  strength  ami  inoeiiUtioiui 
made  from  liiit;  to  dnp  ivfjidarlv  prfxhur  death  from  mWes,  the  anitnaLs 
passing  (liroii^'ti  uu  liu-nhation  period  fiitrlv  constniit  in  lentil,  nml 
thn>ii^ii  u  series  of  siiiiilHr  svinploins  np  to  death  at  the  expiratttui  of  tlic 
same  tenii.  If,lniwever,n  series  of  monkeys  l»e  inoculated  the  vims  gradu- 
ally becomes  attcnuatcil,  and  this  attenuation  I^HKimes  more  ami  more 
marked  in  sueccssive  inoculatiims  until  eventually,  after  the  disease  haa 
run  a  lon^ranil  longer  course  in  the  successive  animals,  there  comes  a 
time  at  whi<'h  the  vims  is  no  longer  sulticientiv  active  to  cause  death. 
If  this  attenuated  fltiitl  l)e  now  paj^seil  tliroiigh  a  series  of  rabbits,  d<^, 
or  guinea-pigs  it  comes  back  to  such  a  strength  that  it  will  kill,  lhnuf;h 
slowly;  then,  however,  its  virutentt*  gnuliiiilly  irii-ivases  until  the  original 
intensity  is  reaeluNl.  If  successive  Inf-K-cihitiuns  !»■  nnule  into  mbbite 
with  Hnid,  either  from  the  dog  or  the  n)onkey,  the  virulence  may  l>e  so 
exalted  Ix-yond  that  of  the  viriis  taken  from  a  street  tlog,  in  which  Uie 
incubation  period  is  from  twelw  to  fourteen  days,  that  nt  the  end  of 
the  one  hundredth  passage  the  incubation  period  may  be  re<hice«!  to 
alnrnt  six  or  seven  days.  'I'his,  the  sintngest  vims  obtainable,  whs 
called  by  P;i.Hteur  the  'Mi.\e<l  vims.**  Habic  vim.s  appears  also  to 
become  attenuated  under  certain  conditions  of  temperature;  iutleetj, 
if  it  be  subjectoi!  for  alxjul  an  liotir  to  50°  C,  or  in  half  an  hour 
if  to  (iO"  r.,  its  activity  is  <'ompleteIy  destniyed.  A  5  per  cent,  solu- 
tion of  nHrlH>lic  Hcid.  acting  for  the  sHiiie  perioti,  exerts  u  similar 
effect,  as  do  likewise  I :  UHX)  solutions  of  iiidiloride  of  ntert-ury.  acetic 
acid,  or  potu^iuut  permanganate,  'ilie  vims  also  mpiiJIy  loses  its 
strength  by  exposure  to  air,  especially  in  sunlight;  when,  however,  pro- 
te<-ted  from  heat,  light,  and  air  it  retains  its  vinilence  for  a  long  penod. 
In  his  earlier  experiments  I'asteur  selected  a  scries  of  rabic  poisons 
of  ditferent  strengths.  l>eginning  with  that  obtiiinwl  from  the  spinal 
con!  of  (lie  monkey — fmiu  the  very  weak  to  the  strongest  that  he  could 
obtain  in  this  animal  -then  pa.ssiiig  through  a  sitmlar  series  obtained 
during  the  process  of  exaltation  of  the  vims  by  p».vinge  thmngh  the 
rubbil.  Hv  inncnlating  dogs  sulK'utnneoiislv  with  vims  taken  fnfin  a 
series  cominencing  with  the  wenkcsi  luken  fiDUi  a  monkey,  and  grad- 
ually working  up  to  that  obtained  from  the  rabbit — ^from  the  earliest 
to  the  latest  in  the  series — the  nriiinals  Ix^come  immune  not  only  against 
sulxTUtaneous  injection,  but  agjiinst  subdunil  infection  with  lixwl  vims, 
and  also  against  the  bite  of  nibid  ilogs.  Such  a  method  as  this,  how- 
ever, hail  .several  disadvantages,  and  was  not  alifiolulely  certiun  in  its 
action,  as  onlv  Hfti-en  out  of  twenty  dogs  were  completely  protectt»d. 
Pasteur,  therefore,  assLstefl  by  C'hamlierlAnd  and  Roux.  de\i.<icd  a  more 
tnistwortliy  ami  accurate  iiielhiNl,  in  u-hii-h  he  utilized  (he  fact  that  the 
ennl  of  a  rabic  animal  when  kepi  under  i-ertain  coiidilioiu'^  loses  its  viru- 
lence in  fourteen  days.  A  series  of  cords  cut  into  short  segments,  which 
were  hekl  in  series  by  the  dura  mater,  were  sns]H?ndetl  in  sterile  glass 
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flasks  pluj^ttl  with  cotton  stop|*rs,  and  containing  a  quantity  of  some 
hygmspopif  iiiHleritil.  sut'h  as  t'nustii.'  potash;  arnl  Iht*  whole  was  kept 
at  a  tempemfure  of  about  22**  C.  The  con)  when  taken  mit  at  ihc  emi 
of  the  first  twenty-four  hours  was  found  to  l)C  almost  as  nctive  as  the 
fresh  untreated  cord;  that  removed  at  the  end  of  forly-ci(ih(  hours  was 
slightly  tej^s  active  than  that  renioveil  twenty-four  hours  previously; 
and  the  diminution  in  virulence,  thou^^h  gradual.  prof^rrsM'd  repilarly 
and  surely  until,  as  already  noted,  at  the  end  of  the  fourteenth  or  lif- 
teeiith  duv  the  vims  wai  inactive.  An  emulsion  of  the  «>ril  of  the  last 
day  was  niHdc.  and  u  ccrtMlii  «|uanrilv  injc<-ted  into  a  dojj  that  had  been 
bitten;  this  was  followed  by  »n  injection  of  an  cTnulsioii  of  a  thiileeiith- 
day  cnnl,  and  so  on  until  tlie  animal  hiul  I»ecn  iiijectetl  with  a  perfectly 
fresh  and.  ihervfore,  extremely  active  cord,  correapondinj;  Ut  the  fixed 
vims.  AniinaLs  treated  In  this  wity  were  now  found  to  he  alj-HolutpIy 
protceted.evcn  ajfaiast  sulwhiral  iuocuhilion  with  coiisiiicrahlc  (.piautities 
of  the  most  virulent  virus;  and  thus  Pasteur's  protective  inoculation 
against  rabies  l>ecame  an  accomplished  fact.  As  it  would  be  impossible, 
however,  or  very  undesirable,  to  inject  any  but  persons  who  had  actually 
been  bitten  by  a  rabid,  or  presumably  rabid,  animal,  I'asteur  continued 
IlLs  experinifiits,  in  order  ti»  see  wlicther  it  would  not  be  possible  to 
cure  a  patient  alreaily  bitten.  He  carriciJ  on.  ihcn-foM',  a  series  of 
experiments  which  led  to  the  discovery  that  if  the  process  of  inoculation 
be  bepmi  witldu  five  duvs  of  the  bite  in  animals  in  which  the  incubation 
period  WHS  at  leiLst  fourteen  days,  almost  every  animal  bitten  can  Vie 
saved ;  and  iluU  even  if  the  treatment  be  commenced  at  a  longer  interval 
after  tlte  bite  a  certain  proportion  of  recoveries  can  be  obtained.  Thiis 
the  application  of  this  methorl  of  treatment  to  the  human  subject  was 
not  tried  until  it  ha4l  been  proveil  in  unirrials  that  such  protection  could 
be  obtained,  and  lliat  such  protection  would  hust  for  at  least  two  years, 
ami  pn>bably  lon^jer. 

The  chance  of  success  in  the  human  suljject  ujipears  to  lie  even 
greater  than  in  the  dog  or  rabbit,  seeing  that  on  account  of  the  resist^ 
ance  offered  by  the  human  tissues  to  the  vEnis  the  period  of  incubation 
is  comparatively  prtilongel;  very  mrcly,  if  ever,  docs  an  outbrt-ak  of  the 
disea.se  in  man  occur  before  an  inter\"al  of  at  least  fifteen  days.  The 
first  symptoms  u.-sually  appear  in  the  fifth  or  sixth  week,  sometimes  not 
until  the  thin!  month;  exceptionally  the  incubation  period  has  lasted 
for  a  year.  Thus  there  is  an  opportunity  of  obtaining  immunity  by 
beginning  the  pnK'e.ss  of  vaccination  sc)on  after  the  bite  has  lieeii  inflicted, 
tlie  protection  being  complete  liefrtre  ihc  incnlHitioii  |>erioil  has  passed. 
In  his  earlier  ex|«Timents  Pasleur  injected  on  each  succeeding  day 
emulsions  from  a  cord  dried  for  one  day  less  until  cords  dried  five  days 
were  reached;  but  later  he  used  those  dried  for  only  three  ilays.  This 
was  the  ".simple"  teit-day  method.  It  was  s(M>n  evident  that  although 
this  methotl  was  cUicucious  where  tJie  wounds  were  uot  seven*,  and 
were  confined  to  parts  in  which  the  ner\*e  supply  was  not  extensively 
interfered  with,  it  was  often  quite  inadequate  in  serious  cases,  as  of 
wounds  about  the  face,  or  of  wounds  inHicted  by  a  mad  wolf,  the  virus 
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of  which  is  more  active  and  tlie  lesions  made  more  severe  than  that  of 
the  rabid  tUijjof  the  streets.  In  these  latter  cases  the  insertions  which, 
in  the  simple  treatment,  are  spread  over  five  days  are  made  in  three 
days;  then,  on  the  fourteenth  i\ivy,  a  fresh  series  of  injections,  or,  rather 
repetitions,  is  l>egnn,  uliich  lasts  until  tlie  twenty-firet  day.  This  ia 
the  "  intensive  method."  In  the  technique  of  the  Ireulineut,  wliJeh  is  the 
same  in  both  nirthcxls.  a  small  portion  (fllM>ut  I  cm.)  of  (lie  lirsircated 
conl  is  nibt>ed  up  thoroughly  with  hIjouI  fmir  ur  five  timeii  its  Lnilk  of 
bouillon  until  a  complete  emulsion  is  made;  this  is  tlien  injected  by 
means  of  a  syrinp*  holding  several  cubic  centimetres,  lirat  on  one  side 
of  the  b\'pochondriac  region  and  then,  the  followiiip  day.  on  the  other, 
and  so  on  alternately,  to  avoid  irritation.  ^Vith  tlie  oksen-ance  of 
thomugli  asepsis  no  loc-al  reaction  to  speak  of  takes  place,  nor  are 
abscesses  ever  forraed,  The  results  of  Pasteur's  method  of  protective 
inix-ululiim.  n.s  rer<inlci]  in  tlic  repfirts  issne<l  in  the  AnntUes  de  VlnMitvt 
Pasftmr  and  those  nf  other  aalimhic  institutes  in  Ilaly,  Rnssiii,  Uou- 
mania,  etc.,  are  vcrj*  favorable.  Since  ISMt,  when  the  (realment  was 
first  connuence<l  al  the  Pustcur  Institute  in  Paris,  upward  of  20,000 
persons  bitten  by  rabid,  or  presumably  rabiti,  animals  have  received 
preventive  inoculations,  with  a  mortality  of  only  O.o  of  1  ]K*r  cent. 
The  mortality  of  those  biltrn  nn  the  face  or  head  was  1.25  per  cent,  of 
those  bitten  on  the  hand;  it  was  0.75  of  1  percent,  of  those  bitten  on 
other  parts  of  the  borly,  a  little  over  0.2.')  of  1  per  cent.  As  a  rule,  only 
those  persons  are  treated  who  have  been  bitten  on  the  face  or  band 
or  whose  clothes  have  lieen  lacerated  so  ihiil  the  virus  has  |»assed  into 
the  wounds.  Oniinarily,  a  ecrtificair  from  a  pliy.sictan  or  a  velcnnarian 
that  the  animal  was  rabid  is  required  before  vaccination;  but  if  the 
animal  caiuiut  be  found  or  the  wounds  are  severe,  vaccination  is  per- 
fonncd  without  it.  Taking  only  the  cases  in  which  rabies  has  been 
confinne<i  in  the  aninml  by  a  veterinary  surgeon,  the  mortality  of  the 
cases  treatetl  at  the  Pasteur  Institute  in  Paris  is  only  0.6  per  cent. — a 
proof,  it  would  seem,  of  the  trust  worthiness  of  the  statistics.  In  view 
of  this  fact  there  can  no  longer  be  any  doubt  of  the  value  of  Pasteur's 
anlindiic  Irejitmcnt.  It  has  In-en  staiwi  by  some  that  the  percentage 
of  persons  kille<!  by  the  bites  of  rabid  animals  is  ineonsidernble;  bnt 
ace^jrtling  u>  the  reliable  statistics  of  Ijcblanc,  from  1S7S  to  \SS3,  out 
of  515  persons  bitten  in  Paris,  .S3  dic*l  of  bydmphubia,  a  nMirtality  of 
16  per  cent.;  most  authorities  place  the  mortality  at  a  much  higher 
figure.  Kxtensive  bites  on  the  face  and  head  arc  considered  to  be  par- 
tictdarly  dangemus;  the  mortality  of  these  is  said  to  be  at  least  80 
jMT  ifiit.  The  bites  of  wolves  seent  to  l>e  more  fatal  than  the  biles 
of  dogs  or  other  animals;  the  niurtalily  of  ibese,  in  .spite  of  the  n»ost 
intensive  treatment,  is  staled  to  be  still  10  |>er  cent.,  as  against  m. 
previous  mortality,  without  s|>eci(ic  treatment,  of  40  to  00  per  cent. 
But  even  Pasteur's  antirabic  treatment  appears  (o  In-  unavailaltle 
wlien  symptoms  of  the  disease  have  manifested  themselves.  Our 
results  in  the  New  Yoric  Department  of  Health  have  been  very  en- 
couraging. 
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Other  methods  of  immunization  sf^inst  rabies  have  been  proposed 
by  (lifTcrent  investif^tors.  But  at)  of  these  methods  have  proved  on 
trial  to  be  unsatb factor)'  and  unreliable,  beside  being  not  devoid  of 
danger.  As  early  as  1SS9,  Babes  and  Lepp  conceived  the  idea  that  it 
might  l)e  possible  by  means  of  the  blooil  to  transmit  cunferred  immunity 
against  rabies  from  one  animal  to  another;  bnt  although  the  success 
of  these  investigators  wns  not  great,  Tizzoni  and  Schwartz,  and  later 
'Hzzoni  and  Centanni,  worked  out  a  niethoii  of  serum  iiiocnlalJon  ami 
protection  in  rabies  which  is  worthy  of  attention.  In  this  method  not 
the  T-abic  poison  itself  but  the  protective  material  fonned  Is  injeetwl 
into  ihe  tissues.  These  obsen*ers  showed  that  the  serum  of  iniK-uIated 
animals  is  capable  of  destroying  Uie  pathogenic  power  of  the  rabic 
virus — not  only  when  mixed  with  it  before  injection,  but  when  injected 
simultaneously  or  within  twenty-four  hours  after  the  introduction  of 
the  vims  into  the  body.  This  serum  treatment  of  rabies  is  still  in  the 
experimental  stage.  We  ourselves  have  Ixaii  no  experience  with  it, 
nor  has  it  been  adopted  in  Paris,  or,  so  far  as  we  know,  in  other  places. 
It  is  quite  passible  that  others  wilt  not  obtain  such  good  resulbi  as  the 
authors  of  the  treatment,  or  that  it  may  not  prove  so  efficHcions  in 
the  treatment  of  man  as  it  has  i>cen  found  to  be  in  experimental 
work. 

The  Caaterkation  of  Infected  Wonnds. — It  is  commonly  believed  that 
unless  a  cautt-ry  is  used  within  an  hour  after  infection  by  a  suspected 
animal  it  is  useless  to  apply  it.  This  belief  is  held  by  physicians  in 
general,  and  also,  apparently,  so  far  as  the  literature  seen  by  me  indi- 
cates, by  thase  familiar  with  rabies.  For  this  reason  physicians  when 
appljti'ng  a  cautery  later  than  un  hour  after  infection  do  so  largely  as 
a  matter  of  form,  fnr  its  moral  effect  on  the  patient,  and  so  the  appli- 
cation is  not  thomugh,  and  in  const'qufnce  not  effectual.  There  is  no 
evidence  to  show  that  the  ciiuter)-  is  usele&s  after  an  hour;  no  systematic 
investigations  have  been  published,  so  far  as  we  know,  to  prove  the 
point  one  way  or  the  other, 

We  know  that  the  vims  of  rabies  is  not  carriwi  into  the  system  by 
the  blood,  but  through  the  nenous  system.  Dr.  Follen  Cabot  carried 
out  an  extensive  .series  of  experiments  in  our  laboratory*  upon  guinea- 
pigs  which  showed  :  (1 )  That  ftl  per  cent,  of  guinea-pigs  am  lie  prevented 
from  developing  rabies  if  llic  wounds  be  cauterized  with  chemically 
pure  nitiic  acid  at  the  end  of  twenty-four  hours  from  the  time  of  infec- 
tion, probably  a  larger  percentage  if  the  enutery  be  used  earlier.  (2) 
That  funnng  nilric  acid  is  nion-  elTectual  than  the  artual  ("autery  of 
pure  nttnile  of  silver,  ('i)  That  some  <legree  of  Iwnefit  b  derived  fnjiu 
thoroughly  opening  and  swabbing  out  an  infected  wound  within  twenty- 
four  hours  from  the  time  of  infection  when  no  cauterj*  is  used.  I  believe 
that  he  demonstrated  that  in  cases  in  which  the  Pasteur  treatment 
cannot  be  applied  great  t»€ne6t  may  be  derivetl  from  the  correct  use 
of  cauterization,  even  twenty-four  hours  after  infection,  and  that  even 
in  cases  in  which  the  Pasteur  treatment  can  be  given,  an  early  cauteriza- 
tion will  be  of  great  assistance  as  a  routine  prHctice.  and  should  be 
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very  valuable,  as  the  Pasteur  treatment  i^  frequently  delayed  several 
days,  for  obvious  reasons,  and  does  not  always  protect.  In  the  case  of 
small  wounds  all  the  treatment  probably  indicated  will  be  thorough 
cauterization  with  nitric  acid  within  twelve  hours  from  the  time  of 
infection.  Our  experience  in  dealing  with  those  bitten  by  rabid  animals 
goes  to  show  that  physicians  do  not  appreciate  the  value  of  thorough 
cauterization  of  the  infected  wounds. 

Pasteur  Treatment  by  Uall. — For  several  years  we  have  made  a  prac- 
tice of  sending  the  treatment  by  mail  when  the  patients  could  not  go 
for  treatment.    The  results  have  been  good. 

But  far  more  important  than  any  treatment,  curative  or  preventive, 
for  hydrophobia  in  man  is  the  prevention  of  rabies  in  dogs,  through 
which  this  disease  is  usually  conveyed.  Were  all  dogs  under  legislative 
control  and  the  compulsory  wearing  of  muzzles  rigidly  enforced  where 
rabies  prevails,  hydrophobia  would  soon  become  an  almost  unknown 
disease.  This  fact  has  been  amply  demonstrated  by  the  statistics  of 
rabies  in  countries  where  such  laws  are  now  in  force. 


APPENDIX. 


A^gressins. 

A  FURTUKK  contribution  has  recently  been  made  to  the  prDhIcn)S  of 
virulence  aniJ  immunity  in  the  form  of  the  '*  aggrejwin  theory  "  of  Bail.' 
Apparently  it  ^w  out  of  an  attempt  tu  explain  the  so-ealleJ  "  phe- 
nomenon nf  Koch  "—an  obsrrvaiinn  made  years  ago  by  Koch — to  the 
effect  that  (uherciiloiis  animals  when  inueulated  intraperltoncally  vnih 
a  fresh  culture  of  tulx-rcle  Imeilli  succmnU  i|iiickly  to  an  aeute  attack 
of  tlie  (liseajse,  the  resulting  exudate  ei>nlaiuinp  ahuost  exclusively 
lyniphocj-tes.  Bail  found  that  if  tubercle  baciUi,  together  with  steril- 
ized tulwreulous  exu<!iite,  were  inj(H-teil  into  healthy  guinea-pigs, 
the  aniuTal  died  very  suilrlciily — i.  e.,  in  twenty-four  hours  or  there- 
abouts, 'i'he  exudate  alone  had  no  ajiprecjable  effect  on  the  animal, 
while  iiKicjIatiori  with  tnU'rcte  haeilli  alone  prodnred  ileath  in  a 
number  of  weeks.  He  therefore  eonehules  that  there  is  something  in 
the  exudate  that  allows  the  Inu'llli  to  Ix-eiime  more  aggressive,  and 
hence  has  called  this  hv|,'otheticaI  siibstaiiee  "  aggressin."  He  thinks 
it  IS  an  endotoxin  lilwraled  from  the  bacteria  as  a  result  of  bacteriolysis 
Rud  that  it  acts  by  paralyzing  the  polynudear  Icukoc-yte,  thereby  pre- 
venting phagocytosis.  Heating  the  exudate  to  fiO°  C  increases  its 
aggi-easive  prniHTties  rather  than  diminishes  them  and  str.all  doses  act 
relatively  nicm*  strongly  thwi  larger  otu-.s.  These  fa*'ls  he  explains  by 
assuming  the  presence  of  two  properties,  one  tliat  prevents  rapiil  'leath 
U  iherinolabile  am)  acts  feebly  in  small  dosirs,  and  one  that  favors 
rapiil  death  and  is  llicruiostabile.  lie  assumes  thai  in  a  tubeirulous 
aninuil  the  tissues  aiv  saturate<l  with  the  aggressin  and  when  fluid  col- 
lects in  the  body  cavities,  as  it  doe.s  on  injection  of  tulnTcIe  bacilli,  it 
contains  large  rpiantities  of  aggressin,  whicli  prevents  migration  of  the 
polynudear  leukocytes,  but  not  of  the  lymphocytes,  and  hence  allows  the 
bacilli  to  develcjp  freely,  producing  acute  .s^-mptoms.  In  the  peritoneal 
cavity  of  the  normal  animal  injected  with  tuljerele  bacilli,  on  the  other 
hand,  are  largt*  mmilers  of  polynudear  lenkorvtes  which  engidf  the 
badlli,  thus  iidubiting  their  rapid  development,  there  being  here  no 
aggressin  to  prevent  phagiicytosis. 

This  theory  has  Ik-'CIi  applied  to  a  number  of  iufwtions,  induc- 
ing typhoid,  cholera,  dysentery,  chicken  cholera,  pneumonia,  and 
staphylococcus  infections.     lu  all  similar  results  have  been  obtained  as 

1  Wiciw  kUo.  Woch.,  IflOS,  No.  9.  Ihi.i..  10O6.  New,  M.  ]B,  17.  IWrlinw  klin,  Woeh..  IMfi, 
No.  15.     2Ul.f.  Hn..  ItKU.  vol.  i.  No.  S.     Arob.  f .  Urx-.  vdL  liL  ppl  S7'.j  uiaill. 
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with  tubercU"  bacilli,  \\1icn  exudates,  [mxlucr*!  by  virulent  cuttiires  of 
theae  varioiu  organisms  and  pn>|H'rly  stmlizdl,  are  iiijedwl  with  fresh 
cultures  into  an  animni  Heath  cK-rnr4  in  much  shorter  time  than  when 
the  organisms  alone  are  injected. 

Moreover,  it  hai  lieen  jjossihle  to  ininnmize  animaU  against  theae 
various  infections  hv  repeuted  injeetinns  of  tlie  aggre.ssin  in  llie  fnnii  of 
exudates.  Tills  result^  in  the  fnnnation  of  lui  "  untiaggn'ssiii,"  which 
opposes  the  action  of  the  aggressin,  thereby  enabling  the  leukm-ytes  to 
take  up  the  bacteria  and  thus  to  protect  the  anitnal.  This  haa  been 
done  in  staph yloeocciis,  dysentery,  typlioid,  cholera,  pncumocoecus, 
and  chicken  cholera  infections  in  animals.  In  addition  n  very  marked 
agfjlntii  alive  property  of  the  blood  is  acquired  for  the  bacteria  in  the 
animals  so  immunized. 


Experiments   DeTiaed  by   Ehrlich   to   Show   the   Nature   of 

Hamolysins. 

In  order  to  give  lIh*  student  an  idea  of  the  methods  employed  by 
Ehrlich  in  developing  his  doctrine  of  immunity,  the  classical  scries  of 
experiments  made  u>  .show  the  nature  of  ha-molysins  are  here  reproduced. 

Khrlich  asked  himself  two  questions:  (1}  What  relation  <loes  the  hiemo- 
lylie  .serum  or  its  two  active  components,  immune  body  and  complement, 
bear  to  the  cell  to  be  dissolved ?  (2)  On  what  does  the  s|)eci{icity  of  this 
ha^mDlylie  process  depend?  He  made  Ins  experiments  with  a  hfemo- 
lytic  fMTniri  that  had  l>een  derived  fiimi  a  g<ml  treatinl  with  the  red  edla 
of  a  sheep.  Thi-s  serum,  therefore,  was  ha-itiolytic  spwifically  for  sheep 
blood  cells — t.  f.,  it  possessed  increased  solvent  properties  exclusiwly  for 
sheep  blood  cells.  Basing  his  reasoning  on  the  side-chain  theory,  Ehrlit^ 
argued  as  follows:  "If  the  ha^niolysin  is  able  to  exert  a  spe<*ific  solvent 
action  on  sheep  blood  cells,  then  either  of  its  two  factors,  the  immune 
b«ly  or  the  alexin  (complement)  of  nonnal  serum,  mu-st  possess  a 
specific  affinity  for  these  red  celU."  To  show^  this  he  devised  the  follow- 
ing series  of  exj»eriment.s: 

]Cxi'i:itiMi':NT  I. — Ehrlich  and  Morgenntth,  ns  already  said,  cxpcri- 
menied  with  a  serum  that  was  sjiecifically  luemolytir  for  sheep  blood 
cells,  lliey  made  (his  inactive  by  heating  to  55*  C.  so  that  then  it 
contained  only  the  suljstanec  sens  ibil  at  rice  (^immune  Ixxly).  Next  they 
ailded  a  sufficient  iiuanlity  of  sheep  ivti  IiUkhI  cells,  and  after  a  time 
centrifug<H|  the  mixture.  They  were  now  able  to  show  that  the  red 
Cells  had  cdnibined  wiih  all  the  sulistance  seiusihilatriee,  and  that  the 
aupernatant  dear  litpiid  wa.s  fnv  fmin  the  same.  In  onler  to  pnn*e 
that  sueli  wius  the  rase  they  proceeiled  thus:  To  some  of  Uie  clear  ren- 
trifngeil  fluid  lh»y  added  more  sheep  nni  cells;  and,  in  order  to  reacti- 
vate the  ^eruiii,  a  sufficient  amount  of  alexin  in  llie  form  of  nonnal 
seruui  was  also  added.  Hie  re<l  cells,  however,  did  not  dissolve — there 
was  no  substance  sensibilatrice.  The  next  point  to  prove  was  that 
this  substance  had   actually  combined  with  the  rc<l  cells.     The   red 
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cells  whifh  had  been  sepamtt^d  by  the  eeutrifuge  were  mixed  with  a 
little  normal  salt  sohilion  nfter  freeing  them  as  much  as  fxwsible  from 
fluid.  Then  a  little  uEcxln  iu  the  form  uf  nurmul  serum  wa^^i  udded. 
After  remaining  thus  for  two  hours  at  37"  C.  these  celb  had  all 
dissolved. 

In  this  experiment,  therefore,  the  red  eelU  ha<I  eombined  with  all 
the  substance  senslbilatrice,  entirely  freeing  the  serum  of  the  same. 
That  the  artion  was  a  clwmical  ntie,  and  not  a  men."  ahsorptinn,  was 
shown  by  the  fact  that  red  blood  eells  of  other  animals,  rabbits  or  goats 
for  example,  exerted  no  combininp  power  at  all  when  used  instead  of 
the  sheep  cells  in  the  above  cxperimfiit.  The  union  of  these  cells,  more- 
over, is  such  a  finii  one  that  repeated  washing  of  the  cells  with  normal 
salt  solution  does  not  break  it  up. 

The  second  important  que-stion  .solved  by  these  authors  was  this: 
What  relation  does  the  alexin  bear  to  the  red  cells?  They  studied  this 
by  means  of  a  series  of  exponments  similar  tn  the  preceding. 

Experiment  2. — Sheep  blood  was  mixed  with  normal — i.  e.,  noi 
harmolylic  goat  scrum.  After  a  time  the  niixtnn*  \va.s  centrifuged  aiid 
the  two  porttomt  tested  with  the  substance  seusibilalrice  to  determine  the 
presence  of  alexin.  It  waa  found  that  in  this  case  the  red  cells  acted 
(juite  differently.  In  direct  eonti-ast  to  their  behavior  toward  the  sub- 
stance .sen.-iibilatrice  in  the  first  experiment,  they  now  did  not  combine 
with  even  the  smallest  portion  of  alexin,  and  remained  absolutely 
unchanged. 

ExPEHnrENT  3."The  third  seriei*  of  experiments  was  undertaken 
to  show  what  relations  existed  between  the  IiIcmkI  cells  on  the  one  hand 
and  the  sulistance  sensibila trice  and  the  alejun  on  the  other,  when  both 
were  present  at  the  same  time,  and  not,  as  in  the  other  experiments,  when 
they  were  present  separately.  This  investigation  was  complicated  by  the 
fact  that  the  specific  innnune  .serum  ver,-  rapidly  di.ssolves  the  red  cells 
for  which  it  is  specific,  and  that  any  prolonged  contact  between  the 
cells  and  the  senim,  in  order  to  effect  binding  of  the  substance  sensi- 
bilatrice.  Is  out  of  the  question.  Khrlich  and  Morgenroth  found  that 
at  (f  ('.  ro  solution  of  the  hhI  eelLs  by  the  hfpmolvtic  .serum  takes  place. 
They  therefore  itiixed  some  of  their  sjjecific  hiemolytic  serum  with  sheep 
blond  cells,  and  kept  this  mixture  at  0°  to  3°  C  for  several  hours.  No 
solution  took  place.  They  now  centrifuged  and  tested  both  the  sedi- 
mentcd  red  cells  and  the  clear  supernatant  scrum.  It  was  found  that 
at  the  temperature  0*  to  3*  C.  the  red  cells  had  combined  with  all  of  the 
substance  sensibilatrice.  but  had  left  the  alexin  practically  untouched. 

It  still  remainiHl  to  show  ihe  relation  of  these  two  substances  to  the 
re<l  cells  at  higlier  leniperHttires.  .\t  37°  to  40"  C,  «s  already  mentioned, 
heemolvsis  occurs  rapidly,  l>eginning  usually  within  fifteen  minutes. 
It  was  possible,  lliereforc,  to  leave  the  cells  and  serum  in  conta<'t  for 
not  over  ten  minutes.  Then  the  mixture  whs  centrifuged  as  before. 
The  sediuiented  blood  cells  mixed  with  iiormul  salt  solution  showed 
hreinolysls  of  a  moderate  degree.  The  .solution  became  complete  when 
a  little  normal  serum  was  adde<l.    The  supernatant  clear  fluid  separated 
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br  tfae  centrifuge  did  not  dissolve  sheep  red  celLi.  On  llie  adilition, 
howfvfr,  of  til!-  siitistanee  sensiliilfitrire  it  di.ssolvwl  theui  compIetHv- 

The  nddition  of  red  ct'lls  in  thf  pxpcrinipnls  was  always  in  the  form 
of  a  0  |»eroprit.  mixtnre  or  snspt^nsiun  in  0.85  ptT  cent — i.«.,  isotooic, 
suit  solution. 

'ITicsignifieancc  of  the  last  of  tlic  above-cited  experiments  is,  accord- 
ing to  Khriich,  at  unc-c  apparent.  It  is  that  the  .suhstanre  .sensihilatnre 
poasesies  one  combining  group  with  n,n  intenfie  affinity  (aetive  even  at 
0°  C.)  for  the  red  cell,  and  a  second  group  paweAsing  a  weaker  ufitnity 
(one  requiring  a  higher  temperature)  for  the  alexin. 

So-called  XTltramicroscopic  Examicatioos. 

The  apparatus  constructed  by  Siedcntopf  and  Zsigmondy'  makes 
vi.sihle  in  colloidal  solntion.s  very  minute  particles,  which  heretofore 
could  not  he  seen  even  with  the  higliest  magnifications.  Particles  as 
small  as  a  few  microns  art*  thus  rendered  visihle. 

Fin.  IM 
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'Hiis  increasp^l  ]M>werin  niii-rosrtipic  analysis  is  made  [Hissiltle  f>y  focal 
lateral  iUumiuatiou  of  tin*  object  lo  l»e  examined.  The  greater  tlie 
difTerence  between  the  refractive  index  of  (lie  partieUi*  colloi<lally  dis- 
soIvikI  and  the  fluid  which  surroim<Is  them,  tlie  brighter  uill  be  the 
appearance  of  the  particles,  and,  therefore,  the  more  readily  visible. 
The  ilhnninarion  for  (he  purpose  is  most  intense,  ami  fumi.shed  by  an 
electric  arc  lamp. 

The  microscopic  field,  as  will  be  seen  by  the  photogram  herewilh, 
is  dark;  the  objects  which  refract  the  tight  show  as  brightly  ilhiminaird, 

■  Anuln  d«r  Phyaik,  Ale  Folxv.  Bend  10. 
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sharply  defined  pictures,  in  which  the  black  mai^n  corresponds  to  the 
contour  of  tlie  object.  Tbi?  illuiuinatt-d  portion  is  surrounded  by  a  fine 
dark  zone,  this  in  turn  by  alternate  bright  and  dark  zone-3,  in  which  the 
illumination  nipidly  decreases. 

"With  a  suitable  apparatus  both  stained  and  unstained  bacteriolc^cal 
specimens  can  be  cxjuninL-d. 

Variation  in  Susceptibility  of  Ouinea-pigs  to  Diphtheria  Toxin. 

Smith  has  recently  shown  tbat  a.  small  percenta^  cf  guineu-pigs  shows 
a  marked  resistance  to  the  poisonous  effect  of  diplitheria  toxin.  This 
refractor\'  condition  is  inberilcd  from  the  mother.  This  fact  has  to  be 
considered  in  the  testing  of  toxin  urn!  nntitoxin. 

DiplobacUius  o£  Morax-Axenfeld. 

This  organism  appears  to  be  the  e-xoiting  agent  of  a  fairly  frequent 
and  peculiar  infectious  disease  affecting  only,  so  far  as  known,  the 
human  conjunctiva.  'Hie  organism  whs  di.scovered  independently  by 
Miirax  anil  Axenfeld  in  180(1.  It  is  not  pathogenic  for  animals.  The 
usual  clinicul  picture  is  tlmt  of  a  "blepharoconjunctivitis."  The  sub- 
jective symptoms  arc  relatively  .shght. 

Examination  of  the  conjunctival  secretion  shows  the  characteristic 
bacilli.  These  are  arranged  mostly  in  twos,  though  long  and  short  chains 
are  also  found.  The  bacilli  average  2/i  long  and  !/i  wide,  though  smaller 
diplobtnilli  tirtr  often  seen,  probably  younger  forms.  The  ends  tjf  the 
organi-snis  ai-e  slightly  rounded,  and  usually  of  the  same  thickne.ss  as  the 
rest  of  the  cell.  The  line  of  demarcation  between  the  individuals  is 
dLstinet.  The  bacilli  are  not  .stained  by  Gram's  method  and  have  no 
distinct  capsules.  The  organism  grows  only  at  near  the  body  temperature 
and  best  on  solidified  blood  serum  or  serum  agar.  'I'he  medium  must 
be  alkaline. 

Bacteria  in  Ice. 

Water  wlien  it  turns  to  ice  destro)-*  a  considerable  percentage  of  the 
vegetative  forms  of  bacteria.  Spores  are  not,  as  a  rule,  injured.  Ice 
six  months  or  more  after  freezing  contains  verj*^  few  bacteria  even  when 
made  from  polluted  water.  Not  more  than  10  per  cent,  of  tj-phoid 
bacilli  survive  freezing.  At  the  end  of  one  week  not  more  than  1  per 
cent,  remain  alive.  Not  one  in  one  thousand  .^^urvire  for  one  month,  and 
none  for  mure  tlian  six  nionths,  The  colon  group  of  bacilli  are  a  little 
more  hardy  ihnn  the  tvphoid  bacilli. 


Stegomyia  Fasciata  and  its  Eelation  to  Yellow  Fever.* 

'Hie  experiments  made  by  Heed,  Camdl,  and  Agramonte  make  it 
certain   thiit  yellow  fever  was  transmitted    by  a  mo.sijuito  (Siegomyia 

'  TUs  account  liUkra  bun  Um  itrticlv  bjr  Asnmoiittt  In  Lubonitorr  Work  with  HcwiuUdm.  by 
Bnta]ey. 
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fasciata),  in  thesame  way  that  malaria  is  transmitted  by  Aiiojiheles.  (See 
p.  442.}  The  name  Sle^itma  was  suggested  by  the  Bngti.sh  entomologist 
Theobald,  who  separated  thi.s  genus  from  the  gentu  Culex,  with  which 
it  was  formerly  classed.  The  salient  characteristics  of  Stegomyia  are; 
(1 )  the  palpi  in  the  male  are  as  lung,  or  nearly  as  long,  a»  the  proboscis ;  in 
the  female  the  palpi  arc  uniformly  1«ss  thuii  onc-lialf  as  lung;  (2)  the  legs 
are  destitute  of  erect  scales;  (3)  the  thorax  is  marked  with  lines  of  silvery 
scaIcs.  Slt^imy  ia,  or  at  least  Sieyomyia  fasdata.is  spread  over  a  wide  range 
of  territory,  euibracnng  many  varieties  of  cliroate  and  natural  conditions. 
It  has  been  found  as  far  north  as  Charleston,  S.  C,  and  as  far  south  as 
Ilio  de  la  Plata.  There  w  no  reason  to  believe  that  it  may  not  bo  present 
at  some  time  or  other  in  any  of  theintermwiiatecoinitrie.s.  In  the  United 
States  sjK-cimcns  of  i^irgontytn  jascinta  have  l>rcii  rapturcil  in  Georgia, 
Louisiana,  South  Carolina,  and  Eastern  Texas.  The  island  of  Cuba 
is  uvemm  with  this  insect.    The  fact  that  Stetfomyia  jatciata  lias  been 
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Adutt  ftin4le  SMgomrlB  fUcUU.    (Drawa  by  AcnwHRiUi) 

known  to  exist  at  various  times  in  Spain  and  other  European  eountnes 
may  account  for  the  spread  of  yellow  fever  which  lias  occurred  there 
once  or  twice  in  former  times;  the  same  may  be  said  of  the  countries 
farther  north  In  the  United  Stales,  where  Sfrgttmyia  foiiciaia  has  not 
yet  lM*en  rejMirted,  Imt  which  have  sufferwl  fnun  invasions  of  yellow 
fever. 

Brackish  water  is  unRuited  for  the  development  of  Stegomyia  larvae. 
The  species  of  Skgomrfia  fawiaia  seems  to  select  any  ijeposit  of  wttter 
which  is  comparatively  clean.  The  defective  drains  along  the  eaves  of 
tile  roofs  are  a  favorite  hree*ling  phice  in  Ilavtttia  and  its  suburtw;  in- 
doors they  find  an  e.xcetlent  uie\l)imi  in  the  water  of  cup'^  of  tin  or  china 
into  which  the  legs  of  tables  are  usually  thrust  to  protect  the  contents 
from  the  invasion  of  ants,  a  veritable  pest  in  tropical  countries.  The 
same  may  be  said  of  shallow  irnpH,  where  the  watcr'is  not  frequently 
disturbed. 

Like  other  Cuiicidte,  it  prefew  to  lay  at  night.  It  is  eminently  a  town 
insect,  seldom  bree<Ung  far  ouLside  of  the  city  limits.    Agramontc  never 
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found  Stegomijia  ftuciata  resting  under  bushes,  in  open  fiekk,  or  in  Uic 
woods;  this  fact  explains  the  well-foundeil  opminii  that  yellow  fever  is 
a  doniicilian'  iiififtinn. 

ITif  iiiK'slioii  of  liilH-rnation  in  the  larval  slng<'  is  inif,Hirtan(.  Agra- 
inonte  fni!e<i  to  ^t't  lanip  that  cniild  resist  freezing  ti-mperadm-.  and 
found  ihat  iu  the  ca^c  of  8tc(fOnitfia  fasciata  LiiLi  degree  of  euld  was 
invariably  fatal. 

'I'he  possibility  of  their  being  capable  of  life  out-side  their  natural 
clemrnt  must  nlsu  lie  rimsi«len*d  from  an  epirlemiologiral  point  of  view. 
The  dry  sejison  in  the  roiintrif.s  whi-re  tliis  spivjfs  seems  to  alwmnd  is 
never  so  pniltMigtil  lus  ciunpletely  to  dn.'  np  the  usual  breeiling  places. 
Experimentally,  mhih  larvie  reniuveil  from  llic  water  and  place<l  ovtT- 
night  upon  moist  filter  paper  eoiild  not  be  revive*!  the  following  moniing. 

The  question  of  the  hfe  period  of  the  female  iaseet  is  of  xhv  greatest 
importanee  when  we  come  to  consider  the  apparently  long  interval 
which  at  times  ha.s  occurred  l>etween  the  .stamping  out  of  an  epidemic 
of  yellow  fever  and  il.s  new  oullin-ak  without  iutrrnluclion  of  new  cascn. 
The  fact  is  that  Sti-gomi/ia  fajictala  is  a  hmg-Ilved  insetrt;  one  individual 
was  kfpt  hy  AgranHmle  in  n  jar  through  March  and  .\prit  into  May  fur 
seventy-six  days  after  hatching  in  the  lalxiratory. 

It  wa.s  definitely  sluiw]!  hy  theexpcrinienl  of  the  Army  Medical  Board 
upon  non-immune  persons  that  a  period  of  at  least  twelve  days  at  a 
temperature  of  alK)nt  Ki°  F.  was  necessary  before  the  infectc<i  insect 
oonid  transmit  the  germ  iif  yellow  fever  from  the  sick;  later  on  a  mos- 
quito which  reached  the  age  of  seventy  days,  in  the  hands  of  Or.  Carroll, 
was  able  ti>  produce  a  ca-se  of  yellow  fever  by  stinging  an  American 
soldier  fifty-seven  days  after  it  became  infected. 

These  nii>s<)uitoes  bite  principally  iu  (he  late  afternoon,  though  ihey 
may  l»e  incited  to  take  blood  at  any  hour  of  the  day.  They  are  abundant 
from  March  to  September,  and  even  in  NovcmlxT  .Agramontc  was  able 
to  capture  them  at  will  in  his  office  anil  laboratory. 

'ITie  moAf|uilo  i.s  generally  Ixdieved  to  be  incapable  of  long  flights 
unles.s  very  inalerially  assisted  by  the  wind.  At  any  rate,  the  close  study 
of  the  spn*a<l  of  infection  of  yellow  fever  shows  that  tin'  tendency  is  for 
it  to  remain  restrictwl  within  very  limite«l  areas,  and  that  whenever  it 
has  travelled  far  beyonil  this  the  uu-ati-s  afTonled  frailway  cars,  vessels, 
etc.)  have  been  other  lliun  the  natural  Hight  of  the  iiusect. 

Rxix'rinientally.  it  has  been  found  that  the  infected  nn>sc|uito  mnst 
be  kept  at  about  80*' to  S.^'' R  for  twelve  days  after  having  bitten  a  yellow 
fever  patient.  Thi.s  is  necessary  in  order  to  enable  the  parasites  to  per- 
form the  evolution.'!  in  the  body  of  the  mnsipiito  that  will  render  lliem 
capable  of  reprrnlucitig  the  ilisea.se.  Iti  winter  insects  kept  at  this 
temp'ralure  have  failed  tn  infect  even  after  eighteen  davs. 

Experiments  have  demonstrated  that  not  all  mosquitoes  wliich  bite 
a  yellow-fever  patient  become  infecle<l.  but  that  of  several  which  bite 
at  the  same  time  some  may  fail  cither  )o  get  the  para.site  or  to  allow  its 
later  development  in  their  hwly.  This  condition  is  similar  to  that  seen 
in  Anopheles,  with  regard  to  malaria.:* 
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How  long  do  infected  mosquitoes  remain  dangerous  to  the  non-immune 
community?  This  question  cannot  be  definitely  answered  at  present; 
there  is  ^)od  presumptive  evidence  that  the  mosquito  may  harbor  the 
parasite  through  the  winter  and  be  enabled  to  transmit  in  the  spring  an 
infection  acquired  in  the  fall.  There  is  reason  to  believe  that  the  mos- 
quito, once  infective,  can  transmit  the  disease  at  any  time  during  the 
balance  of  its  life. 

With  regard  to  the  parasite  itself,  we  cannot  as  yet  say  much.  Number- 
less dissections  of  infected  insects  have  been  made,  and  serial  stained 
sections  have  been  prepared  at  various  periods.  The  latter  have  led  us 
to  expect  something  tangible  in  the  near  future,  though  until  now  nothing 
definite  has  been  discovered. 

The  question  whether  other  genera  of  the  Cvlicida  or  other  species 
of  Stegomyia  are  capable  of  transmitting  yellow  fever  is  still  open  for 
discussion.  It  is  best  not  to  forget  that  such  a  thing  is  possible,  though 
the  general  opinion  seems  to  be  that  yellow  fever  is  restricted  for  its 
propagation  to  the  genus  Stegomyia. 
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Abbe  condenser,  79 

Abbott's  bottle  for  collecting  water,  444 
Absceas,  various  producers  of,  329 
Achorion  Schoenleinii  (favus  funpjs),  435 
Acid-fast  bacilli,  316 
Acids,  from  carbohydrates,  100 
effect  of,  on  bacteria,  111 
formation  of,  from  alcohol,  etc.,  101 
Actinomyces,  418 
isolation  of,  421 
occurrence  in  animals,  422 
Actinomycoaia,  418 
Aerobic  bacteria,  41,  105 
Aerogenes  capsulatus,  bacillus,  380 
.^stivo-autumnal  parasite  of  malaria,  506 
Agar,  nutrient,  49 

Agglutination    of    bacteria    in    hanging 
drops,  82 
nature  of  substances  concerned  in, 

175 
relation  between  agglutinating  and 

bactericidal  powers,   184 
testing  of,  82,  175.     See  also  Indi- 
vidual bacteria. 
Agglutinins,  absorption  methods  for  dif- 
ferentiation of,  181 
characteristics  of,  176 
group,  177 
loss  of  power  of  bacteria  to  absorb, 

183 
specific  and  group,  178 
Agglutinoids,  176 
Aggressins,  539 

Apamontc,  on  yellow  fever,  545 
Air,  bacteriological  examination  of,  448 
Alexinea,  !  63,  170 
Amboceptor,  170 
Amceba  coli,  477 

biological  characteristics  of,  479 
culture  of,  479 

examination   of  stools  for,  480 
AmfFbip    in  disea.scs  other  than   dysen- 
tery, 481 
Amcebina,  470 
Anaerobic  bacteria,  41,   105 

cultun-  methods  for,  65 
Aniline  dyes.  69 

basic  and  acid,  70 
germicidal  properties  of,  115 
oil  as  mordant,  73 
Animals,  use  of,  for  diagnostic  and  test 
purposes,   135 


Anopheles  niacuhpennis,  509 
punetipennis,  509 
symptomatic,  389 
Anthrax  bacillus,  382 

biological  characters  of,  384 
growth  in  media,  385 
identification  of,  389 
infection,  how  caused,  388 

prophylaxis  against,  388 
morphology  of,  382 
non-spore-bearing  varieties,  386 
occurrence  in  cattle  and  sheep, 
387 
in  man,  387 
pathogenesis,  386 
spore  formation,  386 
bacteriological  dia^osis  of,  389 
Antibacterial  sera,  testing  power  of,  169, 

170 
Antibodies,  in  general,  155,  162 
Antiseptic,  table  of  antiseptic  values,  116 

action,  107 
Antisera,  155,  162 
Antitoxins,  absorption  of,  161,  229 

Ehrlich's  theory  for  production  of, 

164 
elimination  of,  by  the  body,  161 
in  general,  155.   jSe«  also  under  Diph- 
theria and  Tetanus, 
methods  of  administration  of,  161 
nature  of,  164 

other  theories  as  to  production  of, 
.       168 
production  of,  for  therapeutic  pur- 
poses, 159 
stabihty  of,  in  the  serum,  161 
Arnold's  steam  sterilizer,  48 
Arrhenius,  on  diphtheria  toxin,  214 
Arthrospores,  32 

development  of,  33 
Atkinson,  constitution  of  diphtheria  anti- 
toxin, 207 
Attenuation  of  virulence,  39 
Autoinfection,  152 
Autops)'  of  test  animals,  136 
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Bacillary  dvsentery,  253 
BacilH,  acid-fast,  316 

general  characters  of,  27 
Bacillus-      See    also    under    individual 
names. 
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Baoillup  aerogenes  capsulatuH,  380 

anthracis,  382 

symptomatioi,  389 

of  blue  piiB,  374 

botuliiius,  251  I 

of  bubonic  plaf^ue,  413 

butter,  319 

coli  roiiununis,  234  ! 

diphtheria,  185 
-like,  195 

diplo-j  of  conjunctivitis.     See  Diplo-  , 
nacilIuH  of   Morax. 

of  Oucrey,  372 

of  dysenten,-,  253  ] 

cntoritidiB,  248  j 

fn-calis  alcaliRenes,   2.'>3  ; 

of  Friedliinder,  458  , 

of  glanders.  408  ' 

of  green  pus,  374 

icteroidea  (in  yellow  fever).  416        I 

of  influenza,  321 

of  Koch-Weeks,  327 

leprBP,  317  I 

of  leprosy,  317 

of  Lustgarten,  310  | 

of  malignant  a>denia,  379 

mallei,  408  ! 

paracolon,  247  { 

paradysentery,  25G  i 

paratyphoid,  247  i 

pneumo-,  of  Friedljinder,  458  i 

proteus  vulgaris,  377 

pyoeyancus,  374  j 

of  smegma,  310  j 

of  soft  ohancn\  372 

of  timothy  gra.ss,  319  1 

of  tulMTculoHis,  2SS 

<if  typhoid,  203  , 

ol"  whooping-cough,  325 
Bacteria,  adaptation   to  cnvinnmient  of, 
38,  143.  144  ] 

acn»l»ic,  1(15  I 

in  iiir,  448 

anaerobic,  105  i 

alteniuttioii  of.  .39 

basic  fonns  of.  25  i 

liotanicnl   n'lalionMhip  oi,   24  ' 

characteristics  of,  23 

chemical  composiliini  of,  39  i 

classifi<';ilioii  of,  30 

cultivation  of.  50 

definition  of,  23 

dewtniction  of,  hv  chemicals.  107 

effects  of,  S7 

elimination  of,  from  the  IkkIv,   154,  | 
2(;S,  2S4 

higher  fonns  of,  24 

invohilion  forms,  34  ) 

influence   of   one    si>c<-ics   ui»on    an-  > 
other,  42,  103 
of  n-iiction  of  media  on,  42        , 

io<;d  cffci-ts  of,  144 

lower  I'onus  of,  24 

mntiner   in    which   they   excite   dis-  , 
oiis«'.  145 


Bacteria,  motility  of,  86 
nitrification  by,  99 
nutrition  of,  40 
parasitic,  24 

products  of  the  growth  of,  87 
relation  of,  to  disease,  141 

to  other  micro-organisms,  24 
to  oxygen,  41 
to  temperature,  43 
reproduction  of,  3J 
saprophytic,  24 
in  soil,  448 

spore  formation  of,  32 
staining  of,  69 
structure  of,  29 

symptoms  and  lesions  due  to,  prod- 
ucts of,  144 
toxin  production  by,  147 
in  water,  443 
Bacterial  ferments,  89 
proteins,  92 
species,  38 

pennanenoe  of,  38 
Bactericidal  sera,  100 

properties  of  blood,  162 
substances,  origin  of.  176 
Bacteriologj-,  historical  sketch,   17 
Bacteroids  in  leguminous  plants,  99 
Bcggiatoa.  40 
Beril»eri,  442 

Higgs  on  antitoxin  treatment  of  diph- 
theria, 205 
Black-leg,  389 
Blast.nmyceti's,  437 
Blood,  t>actericidal  properties  of.  162 
examination  of,  in  malaria,  5U3 
infection  of,  IXJ 
as  medium,  .50 
-.senim  coagiiliitor,  51 
Blue  pus,  bacillus  of,  374 

disi-ase,  517 
liordet,  toxin  antitoxin  union,  95 
Botuliniis  bacillus,  251 
Botulism,  251 

bacillus  of,  251 
Bouillon  media,  48 

nutrient,  48 
Bovine  tubcTCulosis,  308 
Bromine,  112 
Broth.     .SV^  Bouillon. 

cidcium,  352 
Bruce,  micrococcus  mclilensis,  372 
Bubonic  plague,  413 

bacillus  of,  413 

biology  of,  415 
morphology  of,  413 
pathogenesis,  415 
diagnosis  of,  410 
inmiiinity  against,  415 
Buchner,    alcxine    theorv   «»f    immunity, 
103 
method    for    an    aerobic    cultures, 
0(> 
Busse,  siiccharomvivs,  440 
Butter,  bacillus  of,  319 
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Calcium  broth,  352 

(■ompouitd:^  ns  disinfectants,  111 
nccessar\-  for  bacteria,  41 
Calkin's  study  on  smallpox,  523 
Capaldi  plate  medium.  280 
Capsules  of  bacteria,  30 

staining  of,  74 
Carliohydratcs,  action  of  bacteria  on,  100 
Carbolic  arid  as  disinfectant,  116 

as  mordant,  73 
Carbon  dioxides,  production  of,  by  colon 

bacillus.  237 
Carroll,  yellow  fever,  442.  544 
Castellani,  on  absorption  of  agglutinins. 

ISl 
Cellulitis,    various   organisms   concerned 

in,  329 
Ccrcomonas  honiini?,  495 
Cerebrospinal  meningitis,  360 
Chancre,  soft,  bacillus  of,  372 
Charbon  svmptomatique,  389 
Chcniotaxis,  86 

Chloride  of  lime,  as  disinfectant,  112 
Chlorine,  as  disinfectant,  112 
Chlorofonn  as  disinfectant,  115 
Cholera,  Asiatic,  393 
diagnosis  of,  403 
inoculation  against,  402 
-n'd,  reaction,  39(i 
spread  of,  398 
spirillum,  393 

agglutination,  402 
allied  organisms  of,  404 
biology  of,  394 
identification  of.  403 
immunity  against,  402 
morphology  of,  394 
occurrence  outside  of  body,  397 
pat  liogenesis  of,  398 
n-sislanee  and  vitality  of,  397 
toxin  of,  401 
Ciliata,  475 
Cliidolhrix,  40.  431 
:islcn)idcs.    132 
liquefdcicnM.  431 
Clajisiticatiini  of  bacteria,  30 
Cnidosporidia.  518 

Cobbett  on  pseudodiphtheria  bacilli,  201 
Cocci,  characters  of,  26 

staphylococcus  pyogenes,  329 
St  repto(.*occus  pyogenes,  337 
Coccidiomorpha,  497 
Coccidium  bigcminuni,  498 

cuniculi,  497 
Cold,  intense,  effect  of,  on  bacteria.  44 
Colc-y's  streptococcus  toxins.  342 
Collodion  sacs,  G7 

Colon    bacillus,    action     on     nitrogenous 
compounds,  2;i8 
betiavior  toward  carbohydrates, 

23() 
biology  of,  2.35 
in  cystitis,  245 
in  diarrhopa,  243 


Colon  bacillus,  differential  diagnosis  from 
typhoid  bacillus,  285 
group  of,  234 
growth  of,  on  common  media, 

446. 
immunization  against,  451 
indol,  production  by,  238 
methods  of  isolation,  246 
morphology  of,  234 
occurrence  in  man  and  animala, 

241 
pathogenesis,  239 
m  peritonitis,  244 
in  sepsis,  243 
-typhoid  mtermcdiates,  247 
Colonics,  characteristics  of,  59 
counting  of,  57 

study  of,  in  plate  cultures,  59 
various  forms  of,  59 
Comma  bacillus,  393 
Complement,  170 

deflection  of,  173 
Ojnradi  and  Drigalski,  medium,  280 
Copper  sulphat*  as  disinfectant,  110 

capsule  stain,  74 
Councilman  on  smallpox,  521 
(Counting  of  colonics,  57 
Cover-glass,    preparations,    how    made, 
68 
how  stained,  69 

how  to    render  slips  free  from 
grease,  68 
thickness  of,  80 
C«wpox,  etiology  of,  522 

relation  to  smallpox,  521 
Crescent  bodies  in  malaria,  507 
Cresol,  115 

Culex,  in  malaria,  510 
Cultivation  of  bacteria,  56 
Culture,  anaerobic,  65 

media,  preparation  of,  47 

reaction  of,  52 
plate,  making  of,  56 
pure,  62 
Curtis,  aacchanmiyces,  440 


Decoixjrizinq  of  stained  smears,  73 

Delhi  boil,  .529 

I>ngue,  442 

Diarrhcea,  relation  of  bacteria  in  milk  to, 

455 
Diphtheria,  antitoxin,  205 

nature  of,  207,  210-214 
persistence    of,    in    blood,  161, 

210 
production  of,  for  therapeutic 

purposes,  205 
result  of,  treatment  of.  205 
testing  of,  208,  210,  214,  215, 

543 
unit  of,  208 

use  of,   in  treatment  and  im- 
munization, 208 


560 


INDEX 


Diphtheria  bacillus,  185 

aoimal  inoculation  as  test  for 

virulence  of,  188 
biology  of,  188 
characteriatic    appearances    of, 

187 
exudate  due  to,  contrasted  with 
that  due  to  other  bacteria, 
216 
agglutination  of,  210 
growth  on  agar,  190 
on  blood  senun,  190 
in  ascitic  bouillon,  192 
in  healthy  throats,  196 
human  inoculation  of,  186 
isolation    by   means   of   serum 
bouillon,  191 
of,    from    plate    cultures, 
191 
□on-virulent    forma    of,    195, 

197 
pathogeneBis,  192 
persistence  of,  in  throats,  196 

of  types  of,  199-204 
resistance  to  heat,  drying,  and 

chemicals,  189 
staining  of,  186 
virulent,    in    healthy    throats, 

196 
varieties  of,  200 
direct  microscopic   examination  of 

exudate  of,  220 
examination   of   cultures  for  diag- 
nosis, 219 
historical,  185 
-like  bacilli,  virulent  for  guinea-pigs, 

195 
mixed  infection  in,  198 
relation  of  bacteriology  to  diagnosis, 

215 
serum  for  eradicating  the  bacilli  of, 
from  the  throat,  209 
use  of,  in  eliminating  diphtheria 
bacilli,  209 
susceptibility     to     and     immunity 

against,  204 
tecJmique    of    bacteriological    diag- 
nosis, 217 
toxin,  193 

neutralizing    value    of    a    fatal 

dose,  210 
production  of,  in  culture  media, 

194 
relation    between    toxicity    and 
neutralizing    value    of,    210, 
211 
union   with  antitoxin,   207 
toxoid,  210 
toxon,  213 
transmi.sditjn  of,  204 
value    uf    cultures   in   diagnosis   of, 
217 
Diphtheritic  characteristic  appearance  of, 
2  Hi 
inflammations,  locution  of,  19G 
Diplobacillus  of  roHJiinctivitis,  5-i;i 


Diplococcus  intracellulariB  meningitidis, 
360 
of  pneumonia,  349.     See  Pneumo- 
coccus. 
Disinfectants,  gaseous.  111 
Disinfection,  107 
by  heat,  45 

practical,  of  house,  person,  instru- 
ments, and  food,  117 
Dissemination  of  disease,  151 
Drigalski  and  Conradi,  medium,  280 
Drying,  effects  of,  on  bacteria,  104 
Ducrey,  bacillus  of  soft  chancre,  372 
Dunham's  peptone  solution,  49 
Duval,  dysentery  bacillus,  357 
Dvsentery,  aracebic,  477 
baciflary,  253 
bacillus,  253 

agglutination    characteriatics, 

259 
biology  of,  254 
mannite    fermenting    varieties, 

257 
morphology  of,  254 
pathogenesis  of,  255 
relation  to  paradysente^ 

bacilli,  256 
types  of,  261 
historical  notes  of,  254 
pathology  of,  253 


Eberth,  bacillus  of  typhoid,  263 
Ehrlich  on  diphtheria  toxin,  212 

on   the   nature   of  toxins,   94,    164, 
210 

partial  saturation,  method  of,  212 

side-chain  theory  of,  164 

standardization   of  diphtheria  anti« 
toxin.  210 
Electricity,  influence  on  bacteria,   102 
Elimination  of  bacteria  through  milk,  153 
through  skin  and  mucous  mem- 
brane, 154 
through  urine,  268-284 
Enantobiosis,  103 
Endospores,  32 
Endotoxins,  95 
Entamoeba  coli,  477 

histolytica,  478 
Entenc  fever,  441.    See  Typhoid  fever. 
Enzvmes,  88 
Epitoxoids,  210 
Erlenmeyer's  fla.sk,  54 
Erysipelas,  streptococci  in,  337 
Estivo-autumnal  parasite  of  malaria,  506 
Examination  of  air,  448 

collection  of  material  for,   138 

of  feces  and  urine  for  typhoid  bacilli, 
278 

of  ice,  543 

of  unstained  bacteria,  81 

of  water,  443 
Eye-piece,  77 
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Facultative  aerobic  and  anaerobic  bac- 
teria, 106 
FfficalJs  alcaligenes,  bacillus,  253 
Fats,  decomposition  of,  98 
Feces,  disinfection  of,  119 

examination  of,  for  tvphoid  bacilli, 
278 
Fermentation  by  bacteria,  88 

tube,  101 
Ferments,  characteristics  of,  89 

diastatic,  89 

inverting,  89 

organised  and  unorganized,  88 

proteolytic,  89 

rennin-like,  90 
Field,    studies    in    scarlet    fever    and 

measles,  528 
Film  preparations,  68 
Filtration  of  water,  449 
Finkler  and  Prior,  spirillum  of,  405 
Fission  fungi,  23 
Fixation  of  smears,  69 
FlageUa,  30 

s'taining  of,  76 
FlagcUata,  472 

life  cycle  of,  473 
Fiexner,  dysentery  bacillus,  256 
Flies,  relation  to  trypanosomiasis,  488 
Focusing,  80 
Fonnaldehyde  as  disinfectant,  112 

Wilson's  rapid  generator,   127 
Fractional  sterilization,  66 
Friedlander,   bacillus  of,  358 
Fungi,  fission,  23 

pathogenic  varieties,  433 
Fungus  of  fa\*UB,  435 

of  pityriasis,  436 

ray  (actinomyces),  418 

of  ringworm,  433 

of  thrush  (soor),  437 


(;^BDK'lT'M  sftlution,  312 
(ianietcs  in  malaria,  505 
Gartner,   bacillus  enteritidis,   251 
Gas  production  by  bacteria,  100 

test  for,  101 
Gelatin  media,  49 
Germination  of  spores,  34 
Gossard,  bacillus  pyocyaneus,  374 
Gieinsa,  stain,  493 
Glanders  bacillus,  408 

isolation  of,  411 
morphology,  408 
pathogenesis,  409 
diagnosis  of,  411 
immunity  against,  411 
test  for  (mallein),  411 
Globulin,  relation  of  scrum  globulin  to 

diphtheria  antitoxin,  207 
Glossinii  palpatis  in  relation  to  trj-pano- 
soiniasis,  488 


Glucose  bouillon,  48 
Glycerin  agar,  49 
Goldhom  ataiu,  511 
Gonococcus,  bacteria  resembling,  372 
culture  media  for,  368 
diseases  excited  by,  369 
in  endocarditis,  369 
occurrence  of,  371 
staining  reactions,  367 
Gonorrhoea,  bacteriological  diagnosis  of, 

370 
Gram's  stain,  74,  367 
Granules,  metachromatic,  34 
Grass  bacillus,  319 
Green  pus,  bacillus  of,  374 
Group  agglutinins,  177 

reaction,  174 
Gruber-Widal  reaction,  270 

persistence  of  reaction,  277 

relation  of,  to  typhoid,  277 

use  of  dead  cultures  for,  274 

of  dried  blood  for,  273 

of  serum  for,  274 

Guamidre,  vaccine  bodies,  522 


.  H>EMOLYsms,  Ehrlich's  studies  on,  540 
'  Hsmosporidia,  500 

Haffkine's   preventive    inoculations    for 
cholera,  402 
for  plague,  416 
j  Hands,  disinfection  of,   132 
Hanging  drop  for  study  of  bacteria,  44 
Hansen,  bacillus  of  leprosy,  317 
Haptophore  group,  IM 
Hauser,  baciUus  proteus  vulgaris,  377 
Heat,  effect  of  dry,  on  bacteria,  44 

of  moist,  on  bacteria,  45 
Hisa,  capsule  stain,  74 

media  for  typhoid  bacillus,  279 
serum  media,  52 
Historical  sketch  of  bacteriology,  17 
Hollow  slide,  81 
'  Hydrogen  peroxide,  112 
'         production  of,  by  colon  bacillus,  237 
t  Hydrophobia,  530.     See  Rabies. 


!  Ice,  bacteria  in,  44,  543 
Icteroides,  bacillus,  416 
Immune  body,  170 
Immunity^  active,  157 

duration  of,  161 

passive,  158 

specific,  157 

theories  of,  162,  168,  171,  172 
Impetigo  contagiosa,  442 
Incubators,  64 
Indol,  238,  396 

test  for,  98 
Infection  of  blood,  153 

influence  of  quantity  in,  146 
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Infection,  mixed,  148 

modes  of  entrance,  149 
spread  of,  151 

protection    afforded    by    skin    and 
mucous  membranes,  149 
Inflammation  due  to  bacteria,  144 
Influence  of  one  Hpccies  upon  growth  of 

another,  42,  103 
Influenza  bacillus,  321 

anclutination  of,  326 

cultivation,  322 

distribution  in  the  body,  323, 

324 
immunity  to,  323 
morphology  of,  322 
pathogenesis,  323 
resistance,  323 
staining  characteristics,  322 
in  tuberculosis,  324 
Infusion,  meat,  47 
Instruments,  dressings,  etc.,  disinfection 

of,  131 
Interbody,  170 
Intestines,  development  of  bacteria  in, 

150 
Inulin  in  serum  media,  52 
Invisible  micro-organisms,  442 
Involution  forms  of  bacteria,  34 
Iodine,  74 
Iodoform,  115 


Japanese  worm,  440 


Kala-azar,  diagnosis  of,  529 
Leishman  bodies  in,  529 
Kitasato,  222 
Koch,  Hobert.  22 

cholera  spirillum,  393 
tubercle  bacilluH,  288 
-WeekB  bacillus  of  conjunctivitis,  327 
different  ial,     diagnosis 

of,  328 
morphologv  of,  327 
Kruse,  dyHcntery  bacillus,  1^50 


LaCtobe  bouillon,  48 

Lamblia  intest  inalis,  496 

Laveran,  plasniodiiun  of  malaria,  500 

Leeuwenhoeck,  first  microscope  of,  18 

Leishman  Iwdies,  529 

Leprosy  bacillus,  317 

difTcrcntial  diagnosis  of,  319 

location  of,  in  tissues,  318 

morphology  of,  317 

pathogenesis  of,  318 
Leukncvtes,  production  of  exudates  rich 
in.  157 
part  played  by,  in  immunity,  172 


Light,  production  of,  by  bacteria.  86 
influence  of,  on  bacteria,  102 

Litmus,  as  indicator,  53 
media.  50 

Loefller's  alkaline  solution  of  methylene 
blue  for  staining  diphtheria,  73 
blood  acnini.  51 

Lustgarten's  bacillus,  316.     See  Smegma. 


MacNeal,  cultures  of  trypanosomes,  484 
Macrogametes  of  malaria,  505 
Mai  de  Caderas,  487 
Malaria,    500.      See    also    Plasmodium 
malariie. 
infection,  how  acquired,  509,  513 
-like  organisms  in  other  animals,  513 
mosquitoes  in  relation  to.  509 
technique  of  blood  examination  in, 
503 
Malignant  ccdenia,  bacillus  of,  379 

pustule,  387 
Mallei,  bacillus.  408 
Mallein,  test  for  glanders,  411 
Mallor\',  studies  on  scarlet  fever,  527 
Malta  "fever,  372 

Mannite  fennenting  dvscntery  bacilli,257, 
372 
in  media,  48,  49 
Marble  broth,  352 
Marmorek,  media,  .52 

scnun  for  tuberculosis,  308 
iintistreptococcus,  344 
Material  for  bacteriological  examination, 
procuring  of,  from  those  suffering  from 
dineasc,  1.38 
Meiislei^,  l-'ifld's  studies  on,  441 
Meat  infusion,  47 

poisoning.  252 
Media,  prepimition  and  sleriliziition  of,  47 
reaction  of,  52 
various  kinds  of,  48 
Mc  lit  en  sis,  micrococcus,  372 
Meningitis,  bacteriological   diagnosis  of, 
363 
various  organisms  exciting,  364 
Meningococcus,  360 
agglutination,  36.3 
biological  characteristics,  361 
pathogenesis,  362 

presence  in  naros  of  both  sick  and 
healthy  persons,  363 
in  blood,  363 
Mercun.'  bichloride  as  a  disinfectant,  109 
Mesophilic  bacteria,  43 
Metachntnmt  ic  granules,  34 
Metchnikoff  on  imniuriity,  163 

spirillum  of,  4(M) 
Mever   and   Ransom   on   tetanus   toxin, 

229 
Micrococcus  catarrlialis,  365 

gonorrhrra,  3li6.     See  Gonococcus. 
intraw'Uularis,    360.      See    Meningo- 
coccus. 
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j  Paracolon  bacilli,  247 
,  Paradysentery  bacilli,  247 
'  Parasites,  strict,  144 
I  Paratj-phoid  bacilli,  248 
Pasteur,  early  investigations,  20 

flask,  54 
I         treatment  of  rabies,  533 
:  Pasteurization,  46 


Micrococcus  lanceolatus,  349.    See  Pneu- 
mococcus. 
melitensis,  372  { 

tetragenus,  335 
Microgametes  of  malaria,  505 
Microscope,  different  parts  of,  77 
Microscopic    examination    of    imstained 

bactena,  81 
Microsporidia,  518 

MiKula,  classification  of  bacteria,  36 
Milk  bacteriology  of,  in  relation  to  di»- '  Pemphigus  neonatorum,  442 

ease,  453  ;  Peptone  solution,  Dunham's,  49 

as  culture  medium,  49  ,  Pest  (bubonic  plague),  413 

heated  vs.  raw,  in  feeding,  456         '  Petri  dish,  57 
influence  of  cleanliness  on,  465  i  Petrusky's  litmus-whey,  50 

of   temperatute   on  growth  of '  Pfeifter,  influenza  bacillus,  321 
bacteria  in,  462  micrococcus  catarrhalis,  365 

number  of  bacteria  in,  463  1  Pfeiffer'e  phenomenon,  271 

pasteurization  of,  134  i  Phagocytosis,  163 

pathogenic  properties  of,  455  ;  Phenotphtlialein  as  indicator,  53 

sterilization  of,  132  '  Pigment  production  by  bacteria,  90 

time  required  for  multiplication  of '  Piroplaama  bi^eminum,  514 


bacteria  in,  463 
transmission    of    disease    through, 
467 
Milzbrand,  382.     See  Anthrax. 
Moeller's  method  of  staining  8pores,*75 
Mosquitoes    as    agents   of    infection    in 
malaria,  509 
in  yellow  fever,  442,  544 
Morax,    diplobacillus  of   conjunctivitis, 

543 
Mordants,  73 
Motility  of  bacteria,  86 
Mucous  membranes,  ability  of  bacteria 

to  penetrate,  149 
Mumps,  442 
Mycelium,  21 
Mycetozoa,  471 
Myxosporidia,  518  , 


Pityriasis  versicolor,  436 
;  Plague,  bubonic,  413 
;  Plasmodium  of  malaria,  502 

testivo-autumnal  parasite,  506 
classification,  502 
I  examination  of  blood  for,  503 

I  quartan  parasite,  508 

staining  methods  for,  501 
I  tertian  parasite,  502 

pripcox,  502 
\         vivax,  502 
\  Plate  cultures,  study  of  colonies  in,  59 

technique  of  making,  56 
'  Plenciz,  Ant^inius,  18 
;  Pneumobacillus  of  FriedlSnder,  358 
'  Pneumococcus,  349 

a^lutination  reaction,  358 
biological  characteristics,  350 
'         effects  of  drying  and  sunlight  on, 
;  352 

immunity  to  infection  by,  357 
mucosus,  358 
,  occurrence  in  man  in  health,  354 

pathogenesis,  353 

presence  in  lobar  and  bronchopneu- 
monia, 354 
'         varieties  of,  357 
Polymastigina,  496 
'  Potatoes  as  culture  niediimi,  50 
Precipitins,  176 

'  Pressure,  influence  of,  on  bacteria,  102 
,  Trior,  spirillum  of  Finkler  and,  405 
Proteins,  bacterial,  92 
,  Proteus,  bacillus,  377 
Prototo.\oid,  211 


N 

Neori  bodies  in  rabies,  531 
Neisaer  gonococcus,  366 

stain  for  diphtheria  bacilli,  187 
and  Wechsberg  phenomenon,  173 
Neutral  red,  50 
Nitrate  bouillon,  50 
Nitrification,  99 

Nitrites  and  nitrates  produced  bv  bac- 
teria, 99 
Nitroso-indol  reaction,  98 
Noma,  442 
Nosema  bombvcis,  519 

lophii,  519 
Novy  and  MacN'eal,  cultures  of  trypano-  ■  Protozoa,  469 

somes,  484  classification,  470 

method  of    making  anaerobic    cul- .  Protozoan-like  bodies  in  smallpox  and 
tures,  66  allied  diseases,  521 

,  Pseudodiphtheria  bacilli,  197 
O  Pseudomembranous  inflainmations  due  to 

bacteria  other  than  diphtheria  bacilli, 
OiL-iHHERjsioN  lens,  79  :      198 

Opsonines,  172  I  Pseudotuberculosis,  streptothrix  in,  423 

36 
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Pseudoworm,  440 
Psittacosis  bacillus,  248 
Psychrophilic  bacteria,  43 
Ptomaines,  91 
Pure  cultures,  62 

in  tubed  media,  63 
Pustule,  malignant,  387 
Putrefaction,  98 
Pj-ocyaneu9,  bacillus,  374 
Pyocyaniii,  92 
Pyogenic  cocci,  329 
Pyroaoma,  514 


Qdartan  parasite  of  malaria,  508 
Quarter  evil,  389 


Rabies,  441,  530 

cauterization  of  wounds  in,  537 
Negri  bodies  in,  531 
Paeteur'B  treatment,  533 
preventive  inoculation  against,  533 
Radium,  influence  on  bacteria,  103 
RaUHchbrand,  389.    See  Symptomatic 

anthrax. 
Ray  fungus,  418.     See  Actinomyces, 
Reaction  of  media,  correctioii  of,  52 
Receptors,  164 
Reduction  processes,  effect  bv  bacteria, 

97 
Reed,  yellow  fever,  442 
Relation  between  agglutinating  and  l>ac- 

tericidal  power,  181 
Relapsing  fever,  spirillum  of,  490 
Ro.SM,  relation  of  mosquitoes  to  malaria 
.WO 


8 


SACCHAHOMYrKS,  439 

Buaw.  440 
neofonnans,  441 
subcutanims  tumefaciens,  440 
Sanarelli,  bacillus  icteroides.  416 
Sanfrlirv,  441 

Saprophytes,  facultative.  144 
Sausage  poistming,  251 
Scarlet  fever,  Field's  studies  on,  52S 

protozoun-like    bodies   in,    441, 

527 
;*tn'ptococci  in,  441 
Schaiidinn.   spirocliicte   pallida  in  svph- 

ilifl,  492 
SchiznniyccH's,  23 

Schizosinrlmroniyecs  octDsjxirus,    Ki'J 
Siliocnleiii,  iichnriou  of,  435 
Scurvy,   142 

S'ctioris,  pn'piinition  of,  76 
S'pticipniin,  v;iri<ms  organisms  concerned 

ni,  329 
STii,  antitoxic.  162 
liiirtiTLf-idiil,  176 


■  Serum,  alkaline  blood,  51 
'  antimeningitis,  303 

antipneumococcus,  358     ' 
antistreptoeoccus,  344      ' 
antityphoid,  270 
collection  of,  for  diagnostic  purposes, 

140 
diagnosis,  270.     .See  Gruber-Widal 
I  reaction. 

'         limit  of  curalive  power,  159 

Leoffler'a  blood,  51 
'         media,  51 

testing  of  protective  power  of,  159 
Sewage,  disposal  of,  451 
Shiga,  dj'senterj-  baeillue,  254 
Sidc-cham  theory  of  Ehrltch,  164 
I  Silkworm  disease,  519 
'  Skin,  ability  of  bacteria  to  penetrate,  149 
disinfection  of,  Fiirbinger'a  method, 
j  132 

Sleeping  sickness,  482,  488 
Smallpox,  441 

protozoan  bodies  in  smallpox  and 
allied  diseases,  521 
Smears,  staining  of,  69 
'  Smegma  bacillus,  316 

differential  diagnosis,  316 
morphology,  316 
relation  to  syphilis,  316 
staining  characteristics,  316 
Soil,  bacteria  in,  448 
!  Soor,  fungus  of,  437 
Spallanzani,  19 

Species,  influence  of  one  upon  growth  of 
another,  42,  103 
pennanencc  of,  38 
Specific  ngglutininrt,  178 
Specificity  of  agglutinins,  176 
Spirilla,  general  characteristics  of,  28 

•  allied  to  cholera,  404 
Spirillum   of   Asiatic   cholera,   393.      See 
Cholera, 
of  Kinkier  and  Prior,  405 
of  Metchnikoff,  406 
I         of  Obcmieier,  490 

of  relapsing  fever,  490 
Spirocha-te  of  Oljenneier,  490 
pallida,  492 
of  Schaudinn,  492 
Sporugeiious  granules,  42 
Spores.  32 

effect  of  heat  on,  44 
gcnnination  of,  34 
rcsistjincf!  to  heat,  44 
staining  of,  75 
Spon>zoa.  472 

Spotted  fever,  517.     See  also  Meningitis, 
Sputum,  disinfection  of,  120 

methods  of  examination  for  tubercle 
bacilh  in.  310 
."Staining  iiacteria,  70 

principles  underlying,  70 
Stains,  Cabbett,  312 
Gi.'insji,  493 
(iiildhoni,  oil 
(irjiiii,  74 
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Stains,  Hiss,  74 
Jcnner,  511 
Koch-Ehrlirh,  73 
Ixwffler's,  73,  76 
Moeller,  75 

Neiaser.  187  ' 

Nocht-Romanowaky,  511 
Welch,  74 
Zichl-Xpeleen,  73 
Staphylococcus  epidofmidis  albus,  334 
pyogenes,  329 

occurrence  in  man,  333 
pathogenesiB,  331 
varieties,  334 
St^^'goinvia    fasciata    (yellow-fever   mos- 
quito), 544 
Sterilization,  107 

fractional,  45,  56 
of  milk,  132 
Sterilizer,  dry  heat,  55 
Stitch  abscess.  335 
Stomach,  as  protection  against  bactenal 

invasion,  150 
Streptococci,  gener^  characteristics,  337 
Streptococcus  mucosus  capsulatus,  358. 
See  Pneumococcus  mueosua. 
pyogenes,  337 

cultivation,  339 
identification,  34S 
immunization  against,  343 
pathogenesis,  340 
toxic   substances  produced  by, 
343 
Stn-ptothrix,  24 
biology,  428 
infection  by,  423 
in  pseiidotiiberculoais,  423 
si>orH  fonnation  bv,  429 
StmnR,  dvsenttr\-  bacillus,  256 
Sulphur  dioxide  gas  in  house  disinfection. 

130 
Sulplnin-tted    hvdrogen,    production    of, 

97 
Sunlight,  influence  on  bacteria,  103 
Sytnljiusin,   103 
Synipliiniatir  anthrax,  38!) 
Synioxoidw,  211 
Syphilis.  44 

spinK-liEi'te  pidli<la  in,  492 
Lustgarton's  bacilhis  in,  316 


Tkmpkkati're,  effect  of,  on  bacteria,  44 
Tcinnus,  antitoxin,  229 

bacillus,  biology  of,  222 

duration  of  life,  225 

in  intestines,  225 

ninrphology,  222 

nnn-vindent  type,  232 

occurrence  in  soil,  225 

pathogenesis.  224 

s[Mir('s  of,  223 

staining  of,  222 
differential  diagnosis,  232 


Tetanus  in  man,  225 

natural  infection,  225 
toxin,  absorption,  230 
-  action  of,  in  body,  225 
neutralization  of,' 228 

of,  in  body,  231 
presence  in  blood,  227 
union  with  antitoxin,  229 
treatment  with  antitoxin,  231 
Texas  fever,  parasite  of,  513 


propnylaxis,  515 
Dhil" 


Thermophilic  bacteria,  43 
Thenno-regulator,  64 
Thrush  fungus,  437 
Ticks,  Boophilus  bovis,  515 
Ixoides  redi^-ius,  515 
in  relation  to  disease,  515 
Timothy  grass  bacillus,  319 
Tinea  barija-,  433 
circinata,  433 
sycosis,  433 
tonsurans,  433 
Tissue,  examination  of  bacteria  in,  76 
Titration  of  culture  media,  53 
Toxins.  Ehrlich's  theorj*  as  to  the  nature 

of,  94,  164 
Toxoids.  165 
Toxon,  213 
Toxophorc  group,  164 
Trichomonas  vaginalis,  496 
Trichophyton  megalosporon,  4p3 

muTosporon,  433 
Tropical     malaria,     506.       See    .^tivo- 

uutumnal  malaria. 
Trypanosoma,  482 
Brucei,  486 
Evansi,  485 
Lewisi,  482 
in  man,  487 
Theileri,  487 
Trj'panosomiasis,  487 

method  of  examination  for,  489 
serum  therapy  in,  490 
sv-mptoms,  488 
Tubed  cultures,  63 
Tube-length,  80 

Tubercle  bacillus,  agglutination,  302 
a^ian,  308 
biology,  289 
bovine,  308 
cultivation,  290 
diagnosis  bv  animal  inoculation, 

315 
discovery,  288 
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